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ISOLAMENTO, CARACTERIZACAO E IDENTIFICACAO DE RIZOBACTERIAS
COM HABILIDADES PARA PROMOVER O CRESCIMENTO DE PLANTAS

RESUMO - As rizobactérias promotoras de crescimento de plantas tém o
potencial para melhorar a produtividade das culturas. Os principais mecanismos pelos
quais essas bactérias podem estimular o crescimento das plantas incluem, a producao
de fitormonios, disponibilizacdo de nutrientes e producdo de compostos organicos
volateis e antimicrobianos, tais como antibiéticos, enzimas liticas e sideroforos. Vérios
isolados bacterianos sdo relatados com o potencial de estimular o crescimento em
diferentes culturas e sob diversos sistemas de producdo agricola e vém sendo
utilizados como inoculantes na agricultura, com a finalidade de melhorar a
produtividade das culturas. Neste contexto, o presente estudo teve o objetivo isolar,
caracterizar e identificar bactérias provenientes da rizosfera de cana-de-aclcar e
analisar seu potencial de crescimento em plantas de cana-de-aclcar e milho. O
isolamento das rizobactérias foi realizado a partir de solo rizosférico de seis diferentes
variedades de cana-de-acucar, coletado nas cidades de Jaboticabal — SP, Pirajuba —
MG e Frutal — MG. A selecédo das cepas bacterianas ocorreu a partir da realizacéo de
testes in vitro qualitativos e quantitativos de fixa¢do biolégica de nitrogénio, producéo
de acido indolacético, atividade celulolitica e solubilizacdo de fosfatos e potassio. Os
isolados selecionados foram identificados a partir da extragéo e amplificagdo do rDNA
16S. Enquanto que, o potencial de promocéo de crescimento e colonizacédo de sete
isolados foi avaliado a partir de testes em casa de vegetacdo com cana-de-aclcar e
milho. Foi avaliado altura, massa seca, teores de fésforo e nitrogénio nas plantas e
contagem de unidades formadoras de col6nias nas plantas e no solo. Foram isoladas
167 cepas bacterianas que apresentaram habilidades de promocéo de crescimento,
destas, sete cepas foram selecionadas e identificadas pertencendo aos géneros,
Staphylococcus, Enterobacter, Bacillus e Achromobacter. Cinco isolados conseguiram
proporcionar o crescimento em cana-de-acucar, Enterobacter sp. IP11, Enterobacter
sp. IP14, Bacillus anthracis IP17, B. thuringiensis IP21, Achromobacter spanius IP23.
Na cultura do milho, somente Enterobacter sp. IP14, B. anthracis IP17 e B.
thuringiensis IP21 promoveram o crescimento. A maioria das cepas bacterianas
isoladas da rizosfera de cana-de-acucar tiveram uma preferéncia pela mesma cultura.
Entretanto, é possivel e foi verificado com esse estudo, que rizobactérias isoladas de
cana-de-acucar podem também ser capazes de promover o0 crescimento e o
desenvolvimento vegetal do milho.

Palavras-chave: inoculantes, promocédo do crescimento de plantas, rizosfera,
Saccharum spp., sustentabilidade, Zea mays



ISOLATION, CHARACTERIZATION, AND IDENTIFICATION OF RHIZOBACTERIA
WITH ABILITIES TO PROMOTE PLANTS GROWTH

ABSTRACT - Plant growth-promoting rhizobacteria have the potential to
improve crop productivity. The main mechanisms by which these bacteria can
stimulate plant growth include the production of phytohormones, availability of
nutrients, and production of volatile organic compounds and antimicrobials, such as
antibiotics, lytic enzymes, and siderophores. Several bacterial isolates are reported
with the potential to stimulate growth in different crops and under different agricultural
production systems and have been used as inoculants in agriculture, with the purpose
of improving crop productivity. In this context, the present study aimed to isolate,
characterize, and identify bacteria from the sugarcane rhizosphere and to analyze their
growth potential in sugarcane and maize plants. The rhizobacteria isolation was carried
out from rhizospheric soil of six different sugarcane varieties, collected in the cities of
Jaboticabal - SP, Pirajuba - MG, and Frutal - MG. The selection of bacterial strains
occurred through the performance of qualitative and quantitative in vitro tests for
biological nitrogen fixation, indoleacetic acid production, cellulolytic activity, and
phosphate and potassium solubilization. The selected isolates were identified from the
extraction and amplification of the 16S rDNA. The potential for promoting growth and
colonization of seven isolates was evaluated using greenhouse tests with sugarcane
and maize. Height, dry mass, phosphorus, and nitrogen levels in plants, and counting
of colony-forming units in plants and soil were evaluated. 167 bacterial strains that
showed growth promotion abilities were isolated, of these, seven strains were selected
and identified belonging to the genera, Staphylococcus, Enterobacter, Bacillus, and
Achromobacter. Five isolates were able to provide growth in sugarcane, Enterobacter
sp. IP11, Enterobacter sp. IP14, Bacillus anthracis IP17, B. thuringiensis P21,
Achromobacter spanius IP23. In maize, only Enterobacter sp. IP14, B. anthracis IP17,
and B. thuringiensis IP21 promoted growth. Most bacterial strains isolated from the
sugarcane rhizosphere preferred the same culture. However, it is possible and it has
been verified with this study, that rhizobacteria isolated from sugarcane may also be
able to promote the growth and plant development of maize.

Keywords: inoculants, plant-growth promotion, rhizosphere, Saccharum spp.,
sustainability, Zea mays



CAPITULO 1 - Consideracdes gerais

1. Introducéo

O aumento da producdo agricola para atender as demandas dos mercados
consumidores e da crescente populagdo mundial, depende do uso de uma grande
guantidade de fertilizantes e pesticidas quimicos, que muitas vezes sao usados em
excesso no solo (Kumar et al., 2017). O uso destes produtos na producdo agricola
proporciona um aumento médio da produtividade de aproximadamente 50% em
relagdo a producdo sem 0 seu uso; no entanto, as préaticas de fertilizacdo quimica
ignoram o potencial biolégico das raizes e da rizosfera, aumentando a mobilizacéo e
aguisicdo de nutrientes, porém diminuindo as interacfes entre as plantas e 0s
microrganismos rizosféricos (Meena et al., 2017). Muitos estudos demonstram as
habilidades de microrganismos promotores de crescimento de plantas (MPCP) para
aumentar o estado nutricional da planta e reduzir o uso de pesticidas e fertilizantes
quimicos (Aloo et al., 2019).

Dentre os MPCP, se destacam as rizobactérias promotoras de crescimento de
plantas (RPCP), esse termo foi definido pela primeira vez por Kloepper e Schroth
(1978), para descrever bactérias do solo que colonizam a rizosfera das plantas e que
estimulam seu crescimento através de varios mecanismos. Seu uso € uma forma
potencial de diminuir os impactos ambientais negativos, resultante do uso continuo de
pesticidas e fertilizantes quimicos.

As RPCP sao uma excelente alternativa para auxiliar os agricultores frente aos
novos desafios da agricultura moderna, mantendo a alta produtividade das culturas e
impactando o minimo possivel 0 meio ambiente (Pérez-Montafio et al., 2013). Essas
rizobactérias promovem o0 crescimento e aumento da produtividade das plantas
utilizando mecanismos diretos e indiretos (Figura 1).

Os mecanismos diretos estdo ligado a producdo de fitormbnios e a
disponibilizacédo de nutrientes, como fésforo (P), nitrogénio (N) e ferro (Fe), através da

solubilizacdo de fosfatos, fixacdo bioldgica de nitrogénio (FBN) e da producéo de



sideroforos, respectivamente (Riggs et al., 2001; Cassan et al., 2009; Krey et al., 2013;
Yu et al., 2019). Os mecanismos indiretos estéo relacionados ao biocontrole, por meio
da atividade antagOnica contra microrganismos fitopatogénicos, induzindo assim,
respostas de resisténcia sistémica da planta, interferindo nos sistemas de quorum
sensing (QS) bacteriano. Alguns relatérios mostram que as RPCP podem usar mais
de um desses mecanismos para realizar o aprimoramento do crescimento das plantas
(Bashan e Holguin, 1997; Ahmad et al., 2016).

Delaye
senescence

Increase:

Shoot and root
Height and weight

Nutrient Biocontrol

uptake

Phytostimulation

Figura 1. Beneficios decorrentes de interacdes entre RPCP e plantas hospedeiras.
Esses beneficios incluem, aumento na taxa de germinacdo, ha massa e
comprimento de parte aérea e raizes, aumento de area foliar, contetdo de
clorofila, absorcdo de nutrientes, conteudo de proteina, além de melhora
na produtividade, tolerancia a estresses bioticos e abioticos, biocontrole e
retardado da senescéncia das plantas (Santos et al., 2020).

A colonizacdo competitiva da rizosfera € crucial para que, as bactérias
benéficas possam exercer seus muitos mecanismos de acdo. Este processo de
colonizacdo e estimulacdo do crescimento pelas RPCP pode estar sujeito a
mecanismos estritos de reconhecimento e sinalizacdo molecular entre a bactéria e a
planta hospedeira (Kamilova et al., 2006). Esses mecanismos de reconhecimento séo
mediados por exsudatos vegetais especificos que atraem as bactérias para a rizosfera

do hospedeiro sendo que, esses exsudatos podem servir como fonte de carbono e



atuar como moléculas sinalizadoras (Albareda et al., 2006). Assim, as RPCP devem
ter a capacidade de adesdo as sementes ou raizes das plantas para posterior
colonizagdo e um processo competitivo que € afetado pelas caracteristicas
genotipicas das RPCP e da variedade da planta hospedeira (Mufioz-Rojas e
Caballero-Mellado, 2003).

Além disso, a determinacdo especifica da composicdo da comunidade
bacteriana da rizosfera através da identificacdo dessas bactérias, € importante,
propiciando a identificagdo dos grupos e o conhecimento de seus metabolismos,
possilitando ainda o descobrimento de associacées de microrganismos importantes
para o desenvolvimento e crescimento vegetal (Pedrinho et al., 2010).

Neste contexto, o presente estudo teve o objetivo de isolar, caracterizar e
identificar bactérias oriundas da rizosfera de cana-de-acUcar e analisar seu potencial

para promover o crescimento de plantas de cana-de-acucar e milho.

2. Revisdo de literatura

2.1 Rizosfera

A rizosfera é definida como a zona ao redor das raizes das plantas que é
diretamente influenciada por suas secrecdes (Hartmann et al., 2009). A planta, o solo
e 0S microrganismos interagem entre si para realizar e influenciar varios processos
que contribuem para a saude e produtividade da planta (Ahmed e Holmstrom, 2015).

Para que as RPCP colonizem a rizosfera, sdo necessarios processos de
selecdo, pelos quais a microbiota bacteriana das raizes é diferenciada do bioma do
solo circundante. Um dos processos se refere as atividades de desenvolvimento e
secrecdo de moléculas a partir do sistema radicular vegetal, sendo denominado de
rizodeposi¢ao. Este constitui um mecanismo molecular potencial a formagéo de uma

microbiota distinta da rizosfera e dos biomas do solo.



As células da rizoderme secretam uma ampla gama de compostos, incluindo
ions de acidos organicos, ions inorganicos, fitosideréforos, aclcares, vitaminas,
aminoacidos, purinas e nucleosideos, e a capa da raiz produz um polissacarideo,
conhecido como mucilagem (Dakora e Phillips, 2002). A rizodeposi¢do parece
alimentar uma mudanca inicial da comunidade microbiana orientada pelo substrato na
rizosfera, que converge com o ajuste fino dependente do gendtipo do hospedeiro e
dos perfis da microbiota na sele¢cdo microrganismos proximos as raizes (Bulgarelli et
al., 2013).

Sugere-se que esses processos modulam, em varios graus durante o
desenvolvimento da planta, o estabelecimento de comunidades microbianas na
rizosfera (Dini-Andreote e Raaijmakers, 2018). A regulacdo da microbiota rizosférica
€ impulsionada ndo apenas pelas plantas, mas também pelos préprios
microrganismos, podendo modular o ambiente da planta e até mesmo reprogramar a
planta para sua vantagem por meio da exsudacdo de fitohormdnios, compostos
organicos volateis, moléculas com quérum sensing (QS) e antimicrobianos (Venturi e
Keel, 2016).

2.2 Mecanismos utilizados pelas RPCP

2.2.1 Mecanismos diretos

A acédo direta dos microrganismos promotores do crescimento de plantas
envolve a melhoria do solo, através de benfeitorias na sua fertilidade, com o aumento
de nutrientes esséncias, como nitrogénio, fosforo, potassio e ferro (Naik et al., 2019).
Essas melhorias incluem ainda, a producéo de substancias para o crescimento das
plantas, tais como fitormoénios reguladores de crescimento vegetal (Tabassum et al.,
2017) (Figura 2).



2.2.1.1 Producéo de fitormdnios

Fitormbnios sdo pequenas moléculas organicas que desempenham um
importante papel no desenvolvimento do crescimento das plantas e permitem que elas
tolerem diferentes condigcbes de estresse (Shaterian et al.,, 2005). Algumas
rizobactérias podem produzir diferentes tipos de fitorménios, incluindo auxinas,
citocininas, giberelinas, etileno e acido abscisico (ABA), que agem em diferentes
processos de crescimento das plantas, incluindo a multiplicacéo celular, que resulta
em aumento da extensao radicular (Glick, 2014; Kaur et al., 2016). No entanto, a
producdo de ABA por rizobactérias € também considerada uma forma indireta de

promocao de crescimento (Belimov et al., 2014).

Biofertilization PGPR
N2
Ammonia

“ Insoluble nutrients

‘ Soluble nutrients

me/

Cytokinins
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Figura 2. Mecanismos diretos que beneficiam o crescimento da planta a partir de
interacOes das RPCP com as plantas hospedeiras. Biofertilizac&o, atraves
da solubilizacdo de nutrientes e FBN, e fitoestimulagdo, a partir da
producdo de auxinas, citocininas, giberelinas, etileno e ABA (Santos et al.,
2020).



2.2.1.1.1 Auxinas

As auxinas influenciam muitos aspectos do crescimento e desenvolvimento das
plantas (Halliday et al., 2009; Grossmann, 2010). A auxina natural mais crucial (e a
mais conhecida) é o &acido indolacético (AlA), produzido por bactérias, plantas e
fungos. Nas plantas, esse hormonio desempenha um papel essencial na divisdo
celular, alongamento, desenvolvimento de frutos e senescéncia. Este estimula o
desenvolvimento das raizes, folhas e flores (Phillips et al., 2011) e, particularmente,
nas dicotileddneas, induz especificamente a formacao das raizes laterais, enquanto
nas monocotiledéneas induz a formacéo das raizes adventicias (McSteen, 2010).

O desenvolvimento das plantas € afetado pelo AIA de maneiras favoraveis e
prejudiciais, e muitas bactérias tém a capacidade de sintetiza-lo, incluindo bactérias
benéficas e fitopatégenos (Duca at al., 2014). Supde-se que mais de 80% das
bactérias isoladas da rizosfera sejam capazes de sintetiza-lo (Patten e Glick, 1996;
Khalid et al., 2004), sendo sua producdo parte do sistema de sinalizacdo e
comunicacao entre plantas e bactérias presentes na rizosfera (Spaepen et al., 2007).

O principal precursor para a sintese desse hormonio é o triptofano e a adicao
deste aminoacido aos meios de cultura, resulta em todos 0s casos em sua maior
producdo. A biossintese do triptofano comeca a partir do corisma dos tecidos
meristematicos, em uma reacao de cinco etapas codificada pelos genes trp (Merino et
al., 2008).

As vias de sintese do AIA dependentes de triptofano incluem as vias indol-3-
acetamida, indol-3-piruvato, triptamina e indol-3-acetonitrila (Spaepen et al., 2007), e
embora alguns intermediarios possam diferir, a maioria das vias mostra similaridade
com aquelas descritas em plantas (Patten e Glick, 1996; Woodward e Bartel, 2005).
As suas vias de sintese foram identificadas usando varios métodos genéticos e
bioquimicos, no entanto, apenas um pequeno conjunto de genes e enzimas
envolvidos nessas vias foi caracterizado (Spaepen e Vanderleyden, 2011).

A correlacdo entre a concentracdo desta auxina e o crescimento das plantas
nao é linear, sendo que, as plantas tém niveis 6timos de AIA enddgenos para o0 seu

melhor desenvolvimento (Duca et al., 2014). Quantidades excessivas podem provocar



efeitos deletérios nas plantas, como a inibicdo do crescimento radicular (Duca et al.,
2014). Portanto, o uso deste hormonio para estimulacédo do crescimento de plantas
deve ser cuidadosamente regulado para evitar efeitos inibitorios de super dosagem.
Nesse contexto, as plantas possuem mecanismos de neutralizagdo para controlar o
excesso de AIA, como sua inativacao por conjugagcao com acgucares, aminoacidos ou
peptideos (Sitbon et al., 1992). No entanto, nem sempre as plantas conseguem
realizar essa neutralizagéo e por vezes sdo prejudicadas pelo seu excedente.
Aeromonas punctata (Igbal e Hasnain, 2013), Azospirillum brasilense
(Camilios-Neto et al., 2014), Bacillus subtilis (Tahir et al., 2017), Burkholderia
phytofirmans (Poupin et al., 2016), sdo algumas espécies bacterianas eficientes na

sintese de AlA.

2.2.1.1.2 Citocininas

As citocininas séo pertencentes ao grupo de reguladores de crescimento e
responsaveis pela formacdo da parte aérea, inibicdo do alongamento radicular,
melhoria na divisdo celular e desenvolvimento radicular (Porcel et al., 2014, Jha e
Saraf, 2015). Em particular, elas sédo obrigatérias para a progressao do ciclo celular
(Schaller et al., 2014), além disso, o equilibrio entre auxinas e citocininas determina o
funcionamento do meristema, a arquitetura do sistema radicular, a formacédo de
orgédos laterais da parte aérea e o desenvolvimento de érgaos reprodutores (Schaller
et al., 2015). As citocininas regulam ainda, a biossintese da clorofila e a biogénese
dos cloroplastos (Cortleven e Schmulling, 2015), e estdo envolvidas no
desenvolvimento da resisténcia das plantas a estresses bidticos e abidticos
(Grosskinsky et al., 2011; O'Brien e Benkova, 2013).

Varios tipos de citocinas sao produzidos por rizobactérias, nas quais a zeatina
e a cinetina sdo as mais abundantes. As rizobactérias sintetizam a zeatina por via
direta e indireta. A via direta envolve a sintese de dimetilalili difosfato e
isopenteniladenosina monofosfato, enquanto a via indireta envolve cis-zeatina

contendo tRNA para liberar citocininas (Tabassum et al., 2017).



Algumas cepas de Azotobacter spp., Rhizobium spp., Pantoea agglomerans,
Rhodospirillum rubrum, Pseudomonas fluorescens, B. subtilis e Paenibacillus

polymyxa sao capazes de produzir citocininas (de Salamone et al., 2001; Glick, 2014).

2.2.1.1.3 Giberelinas

Outra classe essencial de fitormonios liberados pelas rizobactérias sdo as
giberelinas, responsaveis por diferentes processos de desenvolvimento, como
germinacao de sementes, processo de floragéo, alongamento do caule e frutificagéo
em plantas superiores (Saleem et al., 2015). As giberelinas regulam positivamente a
divisdo e o alongamento celular, estimulando o crescimento do hipocotilo e do caule,
e tém um efeito positivo no tamanho da folha e no tamanho do meristema radicular
(Martinez et al., 2016). A giberelina exdgena pode estimular o crescimento da parte
aérea, o desenvolvimento do xilema e inibir o crescimento radicular (Guo et al., 2015,
Wang et al., 2015).

Estudos tém mostrado que plantas com a presenca de bactérias produtoras de
giberelinas em suas rizosferas tém melhores taxas de crescimento (Poupin et al.,
2013; Vacheron et al., 2013). Algumas espécies bacterianas produtoras de giberelinas
incluem, Bacillus amyloliquefaciens (Shahzad et al., 2016), Enterococcus faecium
(Lee et al., 2017), Sphingomonas sp. (Khan et al., 2014), Bacillus pumilus (Joo et al.,
2004).

2.2.1.1.4 Etileno

O etileno provou ser, em baixa concentracdo, potencialmente ativo para
maturacdo de frutos e folhas, germinacédo de sementes, senescéncia foliar, murcha
de flores, iniciacdo, alongamento e ramificagdo das raizes, formagédo de ndédulos e

abscisao de folhas. Enquanto que, em concentragdes mais altas, o etileno pode ser



toxico para as plantas, causando desfolhamento, inibicdo do crescimento das raizes
e senescéncia em estagio prematuro (Desbrosses et al., 2009). Quando a planta
passa por algum estresse, como frio, infec¢céo, inundacédo, seca e até a presenca de
metais potencialmente toxicos, ela passa a produzir o precursor do etileno, ou seja, 1-
aminociclopropano-1-carboxilato (ACC) (Reid, 1988; Li et al., 2005; Liu et al., 2013).

A ACC-deaminase (ACCD) € uma enzima produzida por algumas bactérias,
sendo esta enzima benéfica para as plantas devido sua acdo na reducdo dos niveis
de ACC, clivando-o em aménia e a-cetobutirato. Essa quebra ajuda a regular os
efeitos adversos do excesso de etileno, reduzindo seus niveis. Portanto, as
rizobactérias capazes de produzir ACCD sao benéficas para plantas cultivadas em
condi¢Oes de estresse, como a seca (Sandhya et al., 2010), alta salinidade (Mayak et
al., 2004), metais potencialmente téxicos (Belimov et al., 2001), regulando os niveis
de ACC da planta, reduzindo o etileno a niveis nao toxicos.

Azotobacter spp., (Dubey et al., 2012; Farajzadeh et al., 2012), Bacillus spp.,
(Belimov et al., 2001) e Pseudomonas spp. (Sandhya et al., 2010; Kamran et al.,
2016), sdo algumas espécies conhecidas pela producéo de ACCD.

2.2.1.1.5 Acido abscisico

O &cido abscisico (ABA) é um fitormbnio envolvido na mediacédo do fechamento
estomatico (Mansfield et al., 1990), na regulacdo de aspectos do crescimento e
desenvolvimento das plantas na auséncia de estresse (Cheng et al., 2002). O ABA é
produzido por plantas, algas, bactérias e fungos (Zeevaart, 1999).

O estresse hidrico estimula elevados niveis de biossintese do ABA pelas
plantas e isso causa o fechamento parcial dos estdbmatos, como uma resposta
adaptativa para conservar a 4gua (Dodd, 2007). O ABA pode afetar ainda, a inibicéo
da germinagédo das sementes, indugcdo da senescéncia das plantas e a abscisdo de
folhas e frutos (Munemasa et al., 2015, Sah et al., 2016).

O ABA é também conhecido por reduzir o crescimento das plantas, embora

seja necessaria uma certa quantidade de ABA para o crescimento, uma vez que este
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horménio regula a abertura estoméatica e, por conseguinte, a perda de agua e
absorcédo de CO2 (Pospisilova, 2003). Algumas RPCP podem reduzir os niveis de ABA
na planta hospedeira e, indiretamente, aumentar o crescimento da planta, sendo que
esses efeitos positivos dependem dos niveis enddégenos de ABA da planta hospedeira
(Belimov et al., 2014).

Varias rizobactérias produzem ABA em meios de cultura ou mediam o status
de ABA das plantas (Dodd et al., 2010), sendo Achromobacter xylosoxidans (Forchetti
et al., 2007; Sgroy et al., 2009), A. brasilense (Cohen et al., 2008), Bacillus
licheniformis, B. subtilis, Brevibacterium halotolerans e Pseudomonas putida (Sgroy et

al., 2009), algumas destas rizobactérias.

2.2.1.2 Fixacdao bioldgica de nitrogénio

O nitrogénio (N) é o nutriente mais limitante para o desenvolvimento das
plantas, e pode ser assimilado do solo na forma de nitrito, nitrato ou amonia. Essas
formas de N ndo sdo abundantes na maioria dos solos e a fertilizagdo quimica com N
empregada na agricultura é frequentemente perdida durante a chuva ou pela lixiviacao
dos fertilizantes minerais nitrogenados (Pérez-Montafio et al., 2014).

Nesta circunstancia, as bactérias desempenham um papel fundamental, devido
ao fato que, algumas podem realizar a fixagdo bioldgica de nitrogénio (FBN). Esses
microrganismos fixadores de N s&o classificados em dois grupos diferentes,
microrganismos simbidticos e os de vida livre (Gopalakrishnan et al., 2017). A FBN é
realizada por um conjunto de genes especificos conhecidos como genes nif, que junto
com outros genes estruturais participam na ativacao da proteina de Fe, doacdo de
elétrons, biossintese do cofator de Fe molibdénio e muitos outros genes reguladores
obrigatorios para a sintese e atividade enzimatica (Reed et al., 2011).

A FBN pode ocorrer através da formacdo de nodulos com formacgédo de
simbiose ou com bactérias de vida livre. As bactérias que realizam simbiose, como

Rhizobium e Bradyrhizobium, podem atuar formando nédulos nas raizes das plantas,
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tais como, soja, ervilha, amendoim, alfafa, nas quais convertem N2 em amonia e este
pode ser usada pela planta como fonte N (Murray, 2011).

Dentro das células vegetais, os rizobios passam por um processo de
diferenciacdo que gera a forma especializada na fixagdo de N, o bacteridide. Entéo,
um ou varios bacteriéides sédo cercados por partes da membrana celular da planta
para formar o chamado simbiossoma (Madigan e Martinko, 2006). Somente apds a
formacgéo do simbiossoma, os bacteridides transformam o N atmosférico, através da
enzima nitrogenase, em amoénia. Em troca, a planta fornece acidos organicos (para
gue os bacteridides produzam energia) e fornece um microambiente apropriado para
a acao das nitrogenases, estabelecendo assim uma relacédo simbidtica entre planta e
bactéria (Madigan e Martinko, 2006; Olanrewaju et al., 2017).

As bactérias de vida livre ndo interagem fisicamente com as raizes, elas vivem
préximo das raizes, de modo que o N fixado por essas bactérias pode ser facilmente
absorvido pelas plantas e estas podem se nutrir de exsudatos radiculares
(aminoéacidos, peptideos, proteinas, enzimas, vitaminas e hormdnios) (Tabassum et
al., 2017).

Alguns exemplos de bactérias fixadores de N de vida livre sdo Azotobacter,
Azospirillum, Herbaspirillum, Burkholderia, Bacillus e Paenibacillus (Huang et al.,
2012; Angus et al., 2013; Anand et al., 2013; Habibi et al., 2014; Geddes et al., 2015;
Goswami et al., 2016).

2.2.1.3 Solubilizacdo de fésforo

O fésforo (P) € outro nutriente essencial para as plantas e desempenha um
papel importante em quase todos 0s principais processos metabdlicos, incluindo
transferéncia de energia, transducao de sinal, respiracdo, biossintese macromolecular
e fotossintese (Anand et al., 2016). E embora a reserva de P nos solos seja grande,
ele € encontrado principalmente na forma de compostos insoluveis, que ndo podem

ser absorvidos pelas plantas, limitando seu crescimento. As plantas absorvem fosfato
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apenas como fons monobasicos (H2PO4) e dibasicos (HPO472) (Pérez-Montafio et al.,
2014).

A solubilizacdo e a mineralizacdo do P por bactérias solubilizadoras de fosfato
€@ uma caracteristica importante. Os microrganismos desempenham um papel
significativo na transformacéo de P no solo, incluindo a solubilizacdo do P necessario
para o crescimento das plantas (Rodriguez e Fraga, 1999).

O principal mecanismo de solubilizacdo P inorganico é baseado na secrecéo
de acidos orgéanicos de baixo peso molecular pelos microrganismos, devido ao
metabolismo do acucar e os organismos residentes na rizosfera utilizam acucares de
exsudatos radiculares (Goswami et al., 2014; Sharma et al., 2013). Esses acidos
liberados pelos microrganismos atuam como bons quelantes de cations divalentes de
Ca?* que acompanham a liberacédo de fosfatos de compostos fosfaticos insollveis.
Muitos dos microrganismos solubilizantes de fosfato diminuem o pH do meio por
secrecdo de acidos organicos, como acidos acético, latico, malico, succinico, tartérico,
glucénico, 2-cetoglucdnico, oxalico e citrico (Rodriguez e Fraga, 1999; Patel et al.,
2015).

A solubilizacdo organica do P também é chamada de mineralizacdo do P
organico. A mineralizacdo do P organico do solo desempenha um papel
imprescindivel na ciclagem de fésforo de um sistema agricola (Khan et al., 2007). Esse
P pode ser liberado de compostos organicos no solo por enzimas tais como, fosfatases
acidas nao especificas, fitases e fosfonatases e C-P liases (Sharma et al., 2013).

Os géneros Arthrobacter, Bacillus, Beijerinckia, Burkholderia, Enterobacter,
Microbacterium, Pseudomonas, Erwinia, Rhizobium, Mesorhizobium, Flavobacterium,
Rhodococcus e Serratiae sdo alguns que possuem a habilidade de solubilizar e
mineralizar fosfatos (Oteino et al., 2015).

2.2.1.4 Solubilizagdo de potéassio

O potassio (K) € o terceiro macronutriente essencial para o crescimento das

plantas e este elemento desempenha um papel vital em varios processos fisioldgicos
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e metabolicos da planta (Zhao et al., 2001), incluindo fotossintese (Wang et al., 2012),
crescimento vegetal, metabolismo, taxa de assimilacdo, acumulo de acucares,
crescimento e desenvolvimento geral das plantas (Sparks e Huang, 1985). Como mais
de 90% do K existe na forma de minerais insolUveis de rocha e silicato, a concentracéo
de K soltvel é geralmente muito baixa no solo (Parmar e Sindhu, 2013).

Bactérias solubilizadoras de K, tais como Acidothiobacillus sp., Bacillus
edaphicus, Bacillus mucilaginosus, Pseudomonas sp., Burkholderia sp. e
Paenibacillus sp., foram relatadas pela sua acédo de solubilizar K em formas
assimilaveis, a partir de minerais de K no solo (Liu et al., 2012).

Como ocorre no caso da solubilizacdo de P, o principal mecanismo da
solubilizacédo de K é a producéo de acidos orgéanicos e inorganicos e a producdo de
prétons (mecanismo de acidélise) (Sheng et al., 2008; Parmar e Sindhu, 2013; Maurya
et al., 2014; Meena et al., 2015), que sao capazes de converter o K insoltuvel (mica,
muscovita e biotita feldspato) em formas solluveis de K, facilmente absorvidas pela
planta (Hu et al., 2006; Mo e Lian, 2011).

Entre os diferentes acidos organicos envolvidos na solubilizacéo do K insolavel,
acido tartarico, acido citrico, acido succinico, acido a-cetoglucénico e acido oxalico
sdo 0s mais importantes liberados por bactérias solubilizadoras de K (Meena et al.,
2014).

2.2.2 Mecanismos indiretos

A acao indireta dos microrganismos para promover o crescimento vegetal inclui
a producdo de agentes de biocontrole que inativam ou matam patégenos vegetais,
proporcionando um ambiente saudavel para as plantas (Naik et al., 2019).

Antibiose, competicao, producdo de enzimas liticas (quitinases e glucanases)
com a capacidade de hidrolisar a parede celular fungica, sédo considerados
mecanismos indiretos de promocao de crescimento (Bhattacharyya e Jha, 2012). As

bactérias podem também, indiretamente, melhorar o crescimento das plantas através
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da supressdo de patégenos e do aumento da imunidade inata da planta contra

patogeno (Tabassum et al., 2017) (Figura 3).
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Figura 3. Mecanismos indiretos que beneficiam o crescimento das plantas partir das
interagcbes RPCP-hospedeiro, dentre eles, antibiose, producdo de
sideroforos, interferéncia com o sistema Quorum Sensing (QS), resisténcia
sistémica induzida (ISR) (Santos et al., 2020).

2.2.2.1 Producdo de antibiéticos

Antibidticos sd@o toxinas naturais ou sintéticas de baixo peso que podem
eliminar ou reduzir o crescimento bacteriano (Bakker et al., 2013). Varios antibioticos
foram identificados como sendo produzidos por determinadas bactérias rizosféricas.
Estes incluem anfisinas, fenazinas, 2-4-diacetil floroglucinol, pioluteorina, pirrolnitrina,
cianeto de hidrogénio (HCN), oomicinas, polimixina, circulina, colistina, tensina,
tropolona e lipopeptideos ciclicos (Maksimov et al., 2011; Pandya e Saraf, 2014; Wani
e Khan, 2014; Sherathia et al., 2016).
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Algumas bactérias podem produzir um dnico antibidtico, enquanto outras
podem secretar diversas substancias (Reimer e Bode, 2014). A disponibilidade de
nutrientes e estimulos ambientais ao redor definem fortemente a sintese de
antibiéticos (Majed et al., 2016).

As rizobactérias do género Bacillus estdo as mais importantes para a producao
de antibidticos (Jayaprakashvel e Mathivanan, 2011). B. subtilis e B. amyloliquefaciens
sdo descritos como produtores de uma grande variedade de antibiéticos, incluindo
subtilina e bacilisina (Leclere et al., 2005, Chang et al., 2007).

2.2.2.2 Resisténcia sistémica induzida

A resisténcia sistémica induzida (RSI) é descrita como uma capacidade
defensiva aprimorada das plantas em resposta a varios patdgenos, induzida por
microrganismos benéficos presentes na rizosfera (Conrath et al., 2015) ou seja, um
fendbmeno no qual a interacdo de alguns microrganismos com as raizes resulta em
resisténcia da planta a algumas bactérias, virus e fungos patogénicos (Lugtenberg e
Kamilova, 2009). A RSI pode ainda ser desencadeada por estimulos ambientais
especificos que levam a potenciacdo da defesa inata da planta contra desafios
biéticos e este estado alto de alerta permite que a planta responda mais rapido e mais
forte contra ataques subsequentes de patégenos (Van Loon, 1997).

A RSI é estimulada por microrganismos ndo patogénicos e comeca na raiz,
estendendo-se até a parte aérea (Solano et al., 2008), iniciando os mecanismos de
defesa das plantas, protegendo partes ndo expostas das plantas contra futuros
ataques por microrganismos patogénicos e insetos herbivoros. Essa resposta de
defesa depende da sinalizagdo de etileno e acido jasmonico na planta (Van Loon,
2007, Pieterse et al., 2014).

A RSI tem sido relatada como um dos mecanismos pelos quais as RPCP
podem reduzir a ocorréncia de algumas doencas de plantas, modulando as
propriedades fisicas e bioquimicas das plantas hospedeiras e consequentemente

promovendo o crescimento das plantas (Pieterse et al., 2012).



16

Alguns dos mecanismos de defesa produzidos na RSI nas plantas incluem
reforco da parede celular (Ahn et al., 2007), producdo de metabdlitos secundarios
(Choudhary et al., 2007) e acumulo de enzimas relacionadas a defesa, tais como
quitinases, glucanases, peroxidase, fenilalanina amoénia liase e polifenol oxidase
(Bhattacharyya e Jha, 2012).

P. fluorescens (Pieterse et al., 1996), Burkholderia phytofirmans (Compant et
al., 2005), B. pumilus (Benhamou et al., 1996), Bacillus cereus (Conn et al., 2008),
Rhizobium leguminosarum, P. putida e Serratia marcescens (Bhattacharyya e Jha,

2012) sédo exemplos de rizobactérias que podem realizar a RSI.

2.2.2.3 Producéo de sideroforos

O ferro (Fe) € um dos elementos mais abundantes da Terra, porém muitas
vezes ndo esta disponivel para assimilacdo direta por plantas e microrganismos,
devido que, na natureza este ocorre principalmente como Fe3* e geralmente esta
presente na forma de hidroxidos e oxi-hidroxidos insolaveis (Rajkumar et al., 2010).

Algumas bactérias, a fim de obter Fe para seu crescimento e desenvolvimento,
sintetizam moléculas de ligacdo de Fe de baixo peso molecular, denominadas de
sideréforos (Mhlongo et al., 2018; Shaikh e Sayyed, 2015). As bactérias produtoras
de sideréforos podem estimular o crescimento das plantas diretamente, melhorando
a nutricdo do Fe das plantas ou indiretamente, inibindo a atividade de patégenos
vegetais na rizosfera, limitando sua disponibilidade de Fe (Solano et al., 2008, Ma et
al., 2011).

O modo de supressao a patdgenos realizado a partir da producdo de
sideréforos acontece com a restricdo da sobrevivéncia de patdgenos através da
inibicdo da nutricdo do Fe pela quelacdo do Fe disponivel (Chaiharn et al., 2009). Em
outras palavras, a solubilizacdo e a aquisicdo competitiva de Fe em condi¢cdes
limitantes, reduz sua disponibilidade a outros habitantes do solo e subsequentemente

limitam seu crescimento (Haas e Defago, 2005).
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Além do Fe, existem evidéncias indicando que os sideroforos formam
compostos estaveis com outros metais potencialmente toxicos como aluminio (Al),
cadmio (Cd), cobre (Cu), chumbo (Pb) e zinco (Zn) (Gururani et al., 2012). Esse
fenbmeno é vantajoso para aliviar o estresse nas plantas causado por metais
potencialmente toxicos presentes em solos e ndo apenas por causa do aumento da
disponibilidade de nutrientes minerais para as plantas (Ahemad e Kibret, 2014).

Os sideréforos bacterianos sdo classificados em classes, com base nos tipos
de ligante e caracteristicas basicas de grupos funcionais que se coordenam com o Fe.
As principais classes incluem catecolatos, carboxilato e hidroxamatos (Crowley et al.,
2006).

Diversas espécies bacterianas sdo capazes de produzir sideroforos, dentre
elas, Azotobacter (Romero-Perdomo et al., 2017), Azospirillum (Banik et al., 2016),
Bacillus (Kesaulya et al., 2018; Pourbabaee et al., 2018), Dickeya (Sandy e Butler,
2011), Klebsiella (Zhang et al., 2017; Bailey et al., 2018), Nocardia (Hoshino et al.,
2011), Pantoea (Burbank et al., 2015; Soutar e Stavrinides, 2018), Paenibacillus (Liu
et al., 2017), Pseudomonas (Baune et al., 2017; Deori et al., 2018; Pourbabaee et al.,
2018) e Streptomyces (Gall et al., 2016; Goudjal et al., 2016).

2.2.2.4 Interferéncia no sistema Quorum Sensing

Muitas bactérias dependem da comunicacdo quimica para reconhecer o
ambiente e recuperar informacbes sobre as densidades populacionais.
Consequentemente, multiplas moléculas sao liberadas, que sincronizam a expressao
de genes, coordenam o comportamento através de um processo denominado Quorum
Sensing (QS) e determinam as relagcdes com espécies procaridticas (Ortiz-Castro e
Lopez-Bucio, 2019). QS é considerado um traco social das bactérias (Parsek e
Greenberg, 2005).

A comunicacdo entre células é mediada por pequenas moléculas de sinal
difusivel denominadas auto-indutores (Fuqua et al., 1994). Geralmente, a sinalizacao

mediada por auto-indutores ocorre em alta densidade populacional, pois assim, 0s
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microrganismos agem em comunidade com vantagens para toda a populacdo de
células, simulando um organismo multicelular (Ganin et al., 2009; Bai e Vai, 2011).

Em bactérias Gram-negativas, frequentemente sdo encontradas N-acil
homoserina lactonas (AHLS) e ocasionalmente 4-hidroxi-2-alquilquinolonas (HAQ), e
as bactérias Gram-positivas usam principalmente oligopeptideos ciclicos. As AHLs
sdo as moléculas auto-indutoras mais comuns, elas regulam a expressao de genes
implicados na producéo do fator de viruléncia ou formacéo de biofilme em varios
patégenos vegetais (Quifiones et al., 2005). Muitas plantas sdo capazes de produzir
moléculas que interferem especificamente nos sistemas QS de bactérias associadas
a plantas e, em qualquer caso, dependendo se a bactéria € detectada como patégeno
ou como microrganismo benéfico, a molécula melhora ou inibe os fenétipos regulados
por QS (Pérez-Montafio et al., 2014).

2.2.2.5 Rizorremediacédo e controle de estresse

As plantas séo frequentemente expostas a varios estresses ambientais, e o
crescimento das plantas pode ser inibido por um grande nimero de estresses biodticos
(insetos, bactérias, fungos e virus) e abidticos (radiacdo, salinidade, temperatura,
inundacao, seca e contaminantes), resultando em impactos altamente negativos na
sobrevivéncia e na biomassa vegetal (Islam et al., 2016).

A rizorremediacdo usa plantas e microrganismos para remover, destruir ou
eliminar metais toxicos de ambientes contaminados de forma eficiente e econémica
(Ma et al., 2011).

A maioria dos metais sdo toxicos para as plantas, mas algumas bactérias séo
capazes de neutralizar a toxicidade do metal, ligando-o a grupos funcionais
carregados negativamente em toda a parede celular, o que fornece interacdes com
ions positivos, em particular ions de metal, um fendmeno chamado biossorgdo de
metal (Syed e Chinthala, 2015). Espécies microbianas com consideravel resisténcia a

metais apresentaram imobilizacdo de metais toxicos ou reducdo de sua concentragéo
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guando adicionadas a solos contaminados, reduzindo sua toxicidade para a planta ou
cultura (Wani e Khan, 2014).

2.3 Promocao de crescimento em milho

O milho (Zea mays L.), pertencente a familia Poaceae, € uma das culturas de
cereais mais importantes do mundo e fornece alimentos para diversas populacdes
(Shah et al., 2016). De acordo com o (International Grains Council, 2019), o consumo
global de milho devera subir para novos picos de até 1,3% nos proximos anos
(projecdo até 2024), bem como, o uso do milho para alimentacdo animal devera se
expandir no periodo mencionado.

O milho estd entre as trés culturas principais do mundo, fornecendo quase
metade da energia diaria para a Africa e as Américas (FAOSTAT, 2020). A demanda
por milho por populacdes crescentes exigird aumentos na producao, sustentabilidade
e resiliéncia dos sistemas agricolas baseados em milho (Shiferaw et al., 2011).

Para manter o aumento de produtividade do milho é necesséario um acréscimo
na quantidade de fertilizantes utilizados, resultando em aumento nos gastos de
producdo e maior impacto negativo ao meio ambiente. As RPCP podem contribuir
para uma producdo do milho menos poluente e dispendiosa.

Muitos efeitos benéficos do uso de RPCP sobre o crescimento e a producdo da
cultura do milho foram documentados. Breedt et al. (2017) encontraram um aumento
de rendimento variando de 24 a 34% usando Paenibacillus alvei, Bacillus safensis, B.
pumilus e Brevundimonas vesicularis. Cassan et al. (2009) avaliaram o efeito da
mistura de A. brasilense com Bradyrhizobium japonicum e verificaram o0 aumento da
taxa de germinagéo e desenvolvimento inicial das sementes.

Kuan et al. (2016) relataram que RPCP podem fornecer uma alternativa
biolégica para fixar o N2 atmosférico e atrasar a remobilizagédo de N na planta de milho,
assim promovendo o aumento do rendimento da cultura com base na remobilizacao
de N nas plantas. Este fato esta diretamente correlacionado com aumento de

producéo de espigas em até 30,9% com entrada reduzida de N-fertilizante. Di Salvo
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et al. (2018) relataram que RPCP usadas como inoculante de safras de cereais,
incluindo milho, pode melhorar seu crescimento e rendimento de graos. As respostas
das culturas a inoculacao sdo complexas porque sao definidas por interacdes planta-
microrganismos, muitas delas ainda desconhecidas. Assim, € necessario aprimorar o
conhecimento sobre a ecologia microbiana da rizosfera de culturas sob diferentes
praticas agricolas.

Varias bactérias tém a capacidade de produzir AlA e tém efeitos positivos no
aumento de massa de parte aérea e de raizes e na absorcdo de nutrientes pelas
plantas de milho. Uma cepa de B. subtilis solubilizadora de fosfato e produtora de AIA
proporcionou incrementos de produtividade na cultura do milho em condi¢cdes de
campo (Lobo et al., 2019).

O papel bioprotetor das RPCP nas lavouras de milho também foi estudado. O
fungo toxigénico Fusarium €& um dos géneros importantes associados ao milho.
Algumas RPCP, como B. amyloliguefaciens e Microbacterium oleovorans, foram
capazes de proteger o milho contra Fusarium verticillioides, quando aplicados na
forma de cobertura de sementes (Pereira et al., 2011). Além disso, algumas espécies
de RPCP parecem promover o crescimento das plantas agindo como biofertilizantes
e agentes de biocontrole. Por exemplo, cepas de Burkholderia cepacia foram
observadas com caracteristicas de biocontrole contra Fusarium  spp.
Simultaneamente, essas cepas também podem estimular o crescimento do milho em

condicdes pobres em Fe por meio da producédo de sideréforos (Bevivino et al., 1998).

2.4 Promocdao de crescimento em cana-de-agucar

A cana-de-acucar (hibrido de espécies de Saccharum) € uma das culturas
agricolas mais antigas e valiosas do mundo, devido aos vastos beneficios associados
ao seu uso industrial. A cana-de-agucar é cultivada em regides tropicais e subtropicais
(Chhabra et al., 2016) e é usada principalmente para fornecer matéria-prima para as
indUstrias agucareiras para a producao de acucar (Zhao e Li, 2015). Além disso, a



21

cana-de-acucar também € vista com importancia global devido aos beneficios
associados a producao de biocombustiveis e biogas (Hoang et al., 2015).

Novas tecnologias desenvolvidas em todos os setores produtivos permitiram
prolongar o periodo de plantio da cana-de-aglcar e, consequentemente, um uso mais
eficiente de mdao-de-obra e insumos, aumentando assim a sustentabilidade e a
competitividade da industria sucroalcooleira (Oliveira et al., 2012).

Uma das maiores limitacdes para a producéo de cana-de-acgucar é o solo. Solos
pobres e inadequados ndo atendem as necessidades nutricionais e de crescimento
da cultura, portanto, esta ndo consegue atingir uma alta producédo (Caione et al.,
2015).

O uso das RPCP é uma alternativa promissora na producao de cana-de-agucar
com baixo impacto ambiental para aumentar a eficiéncia do uso de fertilizantes
minerais incluindo fosfato, proporcionando altos rendimentos econdmicos (Spolaor et
al., 2016). Vérios estudos de campo e casa de vegetacdo com fertilizantes fosfatados
na cana-de-aclcar demonstram a importancia das RPCP na disponibilizacdo de P
para essas plantas (Calheiros et al., 2012; Caione et al., 2015; Albuquerque et al.,
2016; Borges et al., 2019).

Rosa et al. (2020) avaliaram o efeito da inoculacdo com trés espécies de RPCP
e cinco doses de P na cana-de-acUcar e relataram que a inoculacdo pode
desempenhar um papel fundamental no cultivo, gerando grandes beneficios a cultura
e reduzindo custos com fertilizantes para os produtores. Esses resultados revelaram
gue a combinacdo de A. brasilense e B. subtilis aliada ao baixo custo do P20s foi 0
melhor manejo de fertilizantes na cana-de-acucar, o que é uma pratica significativa de
producédo de cana-de-aclcar.

Santos et al. (2018) relatam que o uso de B. subtilis em conjunto com
subprodutos na cultura canavieira pode melhorar os parametros de fertilidade do solo
e diminuir os efeitos adversos associados a fertilizagdo com vinhaca, além de
proporcionar crescimento de parte aérea e raizes e proporcionar sinergia para alto
rendimento da producédo de cana-de-acucar. Moura et al. (2018) mostraram que 0 uso
de Azospirillum sp. na cultura da cana-de-agucar melhorou o sistema radicular
levando a uma melhor absorcdo de agua e nutrientes que, por sua vez, podem

influenciar positivamente na produtividade. Este relatério mostrou que a interacao
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significativa de cultivo, regime de agua e inoculacao de Azospirillum sp. sugere uma
interacdo complexa desses fatores, da mesma forma, envolvendo o pool de auxinas
nas plantas.

Li et al. (2017) isolaram Pseudomonas sp. associada a rizosfera de cana-de-
acucar e verificaram habilidades de promocdo de crescimento do isolado, como
solubilizacdo de fosfato, producdo de sideroforos, atividade da ACC-deaminase e
producéo de AIA, bem como atividade de fixacdo de N2 e gerenciamento de doencas.
Essas caracteristicas sdo medidas como importantes caracteristicas de promoc¢éao de
crescimento e foram consideradas eficazes na melhoria do crescimento e do teor de
N das plantas de cana-de-acucar. A associacdo da RPCP na producdo de cana-de-
acucar pode ser uma aplicacdo eminente de desenvolvimento de biofertilizantes, para
a producdo de culturas sustentaveis, na reducdo da poluicdo ambiental e no
agronegocio bioldgico. Muthukumarasamy et al. (2017) verificaram que a associacéo
entre a bactéria diazotréfica Rosneateles terrae e a solubilizante de P e K,
Burkholderia gladioli com cana-de-acucar foi capaz de aumentar a clorofila foliar, o
teor de N e a biomassa total e incentivar os agricultores a usar RPCP para melhorar

a disponibilidade de N, P e K no solo.

2.5 Identificacéo bacteriana através do gene 16S rRNA

Em microbiologia, os rRNA (RNA ribossémicos) sdo considerados as moléculas
mais apropriadas para estudos de diversidade microbiana (Reis Junior et al., 2006).
Dentre os principais beneficios, se destaca que, os genes de rRNA se encontram
universalmente distribuidos e conservam-se em toda a sua extenséao e estrutura (Reis
Junior et al., 2006).

Para a classificacdo de microrganismos, € utilizada a analise comparativa da
sequéncia de determinados genes de macromoléculas conservadas, como o rRNA. O
sequenciamento do gene 16S rRNA tem sido amplamente usado para realizagao de
analises taxondmicas e filogenéticas e é considerado o método de referéncia para a

identificacdo bacteriana (Nolte e Caliendo, 2003. Becker et al., 2004). A utilizacao
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desse gene inovou a ecologia microbiana e, com seu uso, pode-se averiguar e
determinar posicdes filogenéticas de comunidades bacterianas presente no meio
ambiente (Hentschel et al., 2002).

O gene 16S rRNA, assim como outros genes marcadores permitiram tanto
identificar microrganismos por similaridade entre sequéncias, tal como agrupa-los num
contexto filogenético. Esses avancos permitiram identificar, inclusive, filos inteiros que
nao possuem representantes cultivaveis (Garza e Dutilh, 2015). Além disso, arvores
filogenéticas criadas a partir de sequéncias de 16S rRNA se assemelhavam muito

aguelas criadas com base no conteudo génico total (Konstantinidis e Tiedje, 2005).
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CAPITULO 2 - Selection of Saccharum spp. rhizobacteria with growth-promoting

properties using PCA analysis?

Abstract - The search for plant growth-promoting rhizobacteria is an ongoing
need for the development of new bioinoculants for use in various crops, including
sugarcane. Bacterial strains with various plant growth-promoting properties can
contribute to sustainable agricultural production. The present study aimed to isolate,
characterize and select sugarcane rhizobacteria from six different varieties through
principal components analysis. This study selected 167 bacterial strains with the ability
to fix nitrogen, produce indolacetic acid, exhibit cellulolytic activity, and solubilize
phosphate and potassium were isolated. Of these 167 bacterial strains, seven were
selected by principal component analysis and identified as belonging to the genera
Staphylococcus, Enterobacter, Bacillus and Achromobacter. Bacillus thuringiensis
IP21 presented higher potential for nitrogen fixation and CaPOs4 and AIPO4
solubilization and a lower potential for K solubilization. Enterobacter asburiae P24 was
efficient in indolacetic acid production and CaPOs4 and FePOas solubilization and
inefficient for Arax& apatite solubilization. The bacterial strains isolated in the present
study showed great variations in terms of the expression of their abilities to promote
plant growth, and more studies are needed to confirm whether these strains can
perform plant growth.

Keywords: Plant production; plant growth promoting rhizobacteria; sugarcane.

Abbreviations: PGPR: plant growth-promoting rhizobacteria; PCA: principal
component analysis; BNF: biological nitrogen fixation; IAA: indolacetic acid.

1 Este capitulo corresponde ao artigo cientifico publicado na revista Australian Journal
of Crop Sciences 14 (07): 186-1194, 2020.
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Introduction

Although the industrialization of agriculture has brought about major changes in
the agricultural production system, with significant increases in productivity, it has also
caused serious environmental problems that must be addressed and resolved in the
near future. Currently, a major challenge faced by professionals working in the
agricultural sector is maintaining productivity with reduced production costs and lower
environmental impact. In this context, an alternative is the use of plant growth-
promoting rhizobacteria (PGPR) (Pérez-Montafio et al., 2014). This term is used to
describe a specific category of microorganisms involved in some root-microorganisms-
plant interactions that can bring several benefits to plants by promoting plant growth
(Zhou et al., 2016).

Plant growth-promoting rhizobacteria (PGPR) are widely used in crop
production and appeared to be an environmental-friendly approach for improvement in
the growth of the plant and soil fertility (Chaturvedi et al., 2020). PGPR produce several
compounds, including growth regulation (phytohormones), such as the synthesis of
auxins, cytokines, gibberellins, ethylene, and abscisic acid, which help plants in their
growth process, such as root extension and cell division. They are also capable of
producing siderophores and organic acids, fixing atmospheric nitrogen (N2),
solubilizing phosphate and potassium. Therefore, increase in nutrient use efficiency,
solubilization of insoluble phosphates and potassium, and chelation of micronutrients
(Di Salvo et al., 2018; Hayat et al., 2012; Rana et al., 2012; Roesti et al., 2006; Sheng
and He, 2006) which may influence the native soil microbial community due to
differential plant growth promotion action. Addition the PGPR can produce antibiotics
to suppress pathogenic rhizobacteria. These substances directly and indirectly affect
plant metabolism and improve the adaptive capacity of plants to absorb soil nutrients
(Grobelak et al., 2015).

Microbial community structure and enzyme activities in the soil are indices for
assessment of soil health and quality which are responsible for biogeochemical
processes and nutrients transformation (Di Salvo et al., 2018; Hayat et al., 2012).
PGPR require to establish and sustain a critical bacterial population in the soil for

effective plant growth enhancement and interact with indigenous soil microbes (Kang
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et al., 2013); therefore, soil microbial ecological studies are necessary (Di Salvo et al.,
2018). For commercial exploitation of PGPR as an efficient biofertilizer, it is essential
to examine the interaction of native soil microbial community structure and functions
for potential ecological impacts. The ecological impact is an important and essential
aspect for the influence of PGPR on microbial community study for safe and consistent
utilization of PGPR at large scale. The soil inoculation of large extent of exogenous
bacteria as PGPR has the probable impact on the indigenous microbes and inoculant
may affect them which may results in increase, decrease or no influence on native
microbes activities (Bharti et al., 2015; Domenech et al., 2004; Garcia et al., 2004; Li
et al., 2018) which warrants the need to be study the soil microbial ecology using new
analytical and molecular tools.

Although some PGPR promote plant growth, some rhizobacteria-based
inoculants may have little or no growth-promoting effect on sugarcane crop, and the
selection of new bacterial strains isolated from the own crop with diverse growth-
promoting properties may be necessary. With this process of bacterial strain selection,
since many strains have diverse plant growth-promoting properties, it is difficult to
select the most appropriate bacterial strain as a future bioinoculant (Li et al., 2018)

Given the above, the present study aimed to isolate, characterize and select
rhizobacteria in six different varieties of sugarcane carriers of abilities to promote plant

growth that could be used as inoculant.

Results

Screening of bacteria carriers of plant growth abilities

Sixty bacterial strains were isolated from the rhizospheres of the IAC95-5000
and RB86-7515 varieties in the municipality of Jaboticabal-SP; 62 colonies from the
CTC9 and RB85-5156 varieties in the municipality of Frutal-MG and 45 colonies from
the IAC91-1099 and CTC4 varieties in the municipality of Pirajuba-MG. A total of 167
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bacterial colonies were isolated from the three locations, of which 58 had the capacity
to fix N, 20 had the capacity to produce IAA, 53 had cellulolytic activity, and 17, 26, 44,
33, 51 had the capacity to solubilize K, CaPOa4, AIPO4, FeEPO4 and Araxa apatite,
respectively (Table 1).

Table 1. Total number of bacteria strains with BNF, IAA production, cellulolytic activity
(CA), K, CaPOs, AIPO4, FePOa, and Araxa apatite solubilization properties
isolated from the IAC95-5000, RB86-7515, CTC9, RB75-5156, IAC91-1099,
CTC4 varieties in the municipalities of Jaboticabal, Frutal and Pirajuba.

Municipality Jaboticabal Frutal Pirajuba
. IAC95- RB86- CTC RB75- IAC91-
variety 5000 7515 9 5156 1099 ¢4

Strain code 1J RJ CF RF IP CP
Total strains 33 27 29 33 24 21

BNF 7 15 6 9 12 8

IAA 1 7 1 0 7 4

CA 7 14 5 6 12 8

Solubilization:

K 2 3 0 0 8 3
CaPOs 5 7 2 4 4 3
AIPO4 2 11 4 5 12 8
FePOas 3 7 3 3 11 5
Apatite 7 11 6 6 12 8

The joining of the two principal components allowed a two-dimensional ordering
of isolates and variables, thus enabling the construction of a biplot graph (Fig. 1). The
amount of total information of original variables retained by the two principal
components was 50.79%, 32.36% in the first principal component and 18.43% in the
second principal component (Fig. 1).

The order of isolates according to the first two main components allocated
isolates into two large groups. The graphical representation allowed for the
determination of the variables that most discriminate in the formation of groups | and
II. Variables 1AA, K, AIPO4, FePO4 and Araxa apatite solubilization are responsible for
the discrimination of group I, located on the left of PC1, exerting great influence on
these isolates. Cellulolytic activity and CaPOa4 exerted weak influences on group I.
Group Il did not present any variable with a strong influence on itself; all characteristics
showed no effect. Thus, group | was characterized by isolates with the characteristics
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of being IAA producers and K, AIPO4, FePO4 and Araxa apatite solubilizers; therefore,

group | was the group of interest and was selected for the next experiments (Fig. 1).
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Fig 1. Dispersion (biplot graph) of qualitatively analyzed growth-promoting
characteristics, namely cellulolytic activity (Cell.act), IAA production (IAA), K,

AIPO4, FePO4, CaPO4 and Araxa apatite solubilization.

*Strain code: First letter: initial of the variety used for isolation (IAC95-5000, RB86-7515,
CTC9, RB75-5156, IAC91-1099 and CTC4). Second letter: initial of the municipality where the
isolation was performed (Jaboticabal, Frutal and Pirajuba). Numeric code: number assigned
to the strain according to the sequence in which it was isolated.

In the municipality of Jaboticabal, 22 bacterial strains were selected after BNF
and only 07 were allocated in group I. In the municipality of Pirajuba, 13 of the 20
isolates selected after BNF were allocated in group I. For strains isolated in the
municipality of Frutal, no strains were allocated in group |, so these strains were not
considered for quantitative characterization. Quantitative analyses were performed on

20 bacterial strains selected after principal component analysis (PCA).

Screening the bacteria which presented the better results
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The first two principal components presented 61.85% of the total data variance,
with PC1 showing 42.39% of variance and PC2, 19.56%. The variables presented
were responsible for the formation of three groups of interest. The variables AIPO4,
FePOas solubilization, IAA production and cellulolytic activity exerted a strong influence
on group |, where isolates IP11 (Enterobacter sp.), IP14 and IP24 (Enterobacter
asburiae) were grouped and responsible for their discrimination. BNF, CaPO4 and
Araxa apatite solubilization were responsible for the distinction of group I, which
included isolates 138 (Staphylococcus saprophyticus), IP17 (Bacillus anthracis) and
IP21 (Bacillus thuringiensis). Group Il was influenced by only one variable, K

solubilization, and the isolate IP23 (Achromobacter spanius) was grouped in group I
(Fig. 2).

1710
CP1 - 42.39%

P23
<
Potassium

Fig 2. Dispersion (biplot graph) of the quantitatively analyzed growth-promoting
characteristics, namely, BNF quantification, cellulolytic activity (Cell.Act), IAA
production, K, AIPO4, FePO4, CaPO4 and Araxa apatite solubilization.

Of isolates selected by PCA, six were from Pirajuba (IP) and only one was from
Jaboticabal (1J) (Fig. 2). For isolates that did not group, their molecular identification
was not performed. Therefore, molecular identification was performed on seven
bacterial strains.

For IAA production, the largest producers were IP14 and IP24 (E. asburiae),
with 56.68 and 56.21 ug of IAA mL™, respectively. For cellulolytic activity and K
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solubilization, isolate IP23 (A. spanius) stood out, producing 0.61 U mL*and 17.23 mg
K mL1, respectively. For BNF, isolates IP21 (B. thuringiensis) and 1J8 (S.
saprophyticus) were the major fixators, with 108.07 and 105.61 ug N mL, respectively
(Fig. 3).

For CaPO4 and AIPO4 solubilization, isolate 1P21 (B. thuringiensis) stood out,
solubilizing 481.00 and 39.33 mg of P mL™, while isolate IP17 (B. anthracis) was the
best for Araxa apatite solubilization and IP14 stood out in FePOa solubilization, with
622.99 and 105.66 mg of P mL%, respectively (Fig. 3).

Molecular identification of bacterial strains

The selected strains that formed the three main groups according to PCA were
identified using PCR amplification of the 16S rRNA gene. All isolates were identified
by the 16S rDNA sequence and showed more than 95% homology with other
sequences deposited at GenBank (Table 2).

Table 2. Identification of sugarcane rhizospheric bacteria using NCBI BLAST-N of 16S rRNA
gene sequences.
Isolate Species identification Identity (%)

Staphylococcus saprophyticus NR_114090.1 99.76

)8 Staphylococcus saprophyticus MG694483.1 100.00
P11 Enterobacter sp. KR558701.1 99.85
Enterobacter sp. HM748078.1 99.85

P14 Enterobacter sp. KR558701.1 96.34
Enterobacter sp. HM748078.1 96.34

P17 Bacillus anthracis MK575034.1 99.88
Bacillus anthracis AF290553. 99.88

P21 Bacillus thuringiensis NR_112780.1 99.79
Bacillus thuringiensis KT159186.1 99.68

P23 Achromobacter spanius MN007235.1 99.29
Achromobacter spanius NR_025686.1 99.29

P24 Enterobacter asburiae MG571735.1 99.84
Enterobacter asburiae KY316493.1 990.84

* Query cov., 100%; and E-value, 0.0, for all sequence
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*S. saprophyticus 138, Enterobacter sp. IP11, B. anthracis IP17, B. thuringiensis IP21, A. spanius
IP23, E. asburiae IP24.
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Isolate 1J8 was homologous to sequences of Staphylococcus saprophyticus and
showed more than 99% identity with two sequences. The identification of isolate IP11
was performed at the genus level, demonstrating 99.85% homology with two
Enterobacter sequences. Isolate 1IP14 showed over 95% homology with the genus
Enterobacter. Isolate IP17 was identified as Bacillus anthracis based on 99.88%
sequence identity. The identification of isolate IP21 was performed according to
homology with sequences of Bacillus thuringiensis, with identity above 99.5%. Isolate
IP23 was identified from homology with sequences of Achromobacter spanius, with
99.29% sequence homology. Finally, isolate IP24 was homologous with Enterobacter
asburiae sequences with 99.84% identity (Table 2).

A phylogenetic tree was constructed to demonstrate similarity between bacterial
strain sequences of the present study and sequences deposited in GenBank, in

addition to demonstrating similarity to each other (Fig. 4).

Discussion

The present study used PCA to determine the statistical correlation between
isolates and growth promotion characteristics. Figure 1 shows that group | was
characterized by isolates that produce IAA and solubilize K, AIPO4, FePQOa4, and Araxa
apatite. Group Il has no growth-promoting variables of interest (Fig. 1).

Sugarcane is a plant, and a large variety of bacteria have been isolated,
characterized and identified in its rhizosphere. Through PCA, the present work was
able to isolate for the first time S. saprophyticus, E. asburiae, A. spanius and B.
anthracis strains in the sugarcane rhizosphere. In addition, of the seven strains
identified, there was no repetition of species; therefore, the strains were seven distinct

species.
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Fig 4. Phylogenetic analysis of the 16S ribosomal region of the seven strains isolated
and grouped into the three groups by PCA (Fig. 2). The phylogenetic tree was
constructed based on the maximum probability with the evolutionary method
and distances calculated according to the Kimura-2 parameter. Boot values are
presented as a percentage for 1000 bootstraps. Numeric codes before species
names refer to the GenBank (NCBI) accession number.

The S. saprophyticus 1J8 strain stood out for BNF (105.61 ug of N mL1) and
CaPOs (4.67 mg P mL?) and Araxa apatite solubilization (444.00 mg P mL™?) (Fig. 3),
important characteristics to be considered for PGPR. Strains that exhibit efficient N
fixation and P solubilization tend to be good inoculants because N-fixing PGPR
inoculation in crops revitalizes plant growth, promoting activities, the management of

diseases and low nitrogen levels in agricultural soils (Damam et al., 2016). Phosphorus
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is the second most essential nutrient demanded by plants, and in adequate amounts
for optimal growth, it plays an important role in almost all major metabolic processes,
including energy transfer, signal transduction, respiration, macromolecular
biosynthesis and photosynthesis (Anand et al., 2016).

Members of the genus Staphylococcus are well known human pathogens, but
some species have been isolated from soil (Zamil et al., 2010), wild rice (Sarathambal
et al., 2015), grape (Barata et al., 2012), and oil-contaminated samples (Silva et al.,
2015), suggesting their opportunistic mode of existence and demonstrating wide
variation in the environment where they can be found. Some authors searching for new
growth-promoting isolates have been able to characterize and identify S. saprophyticus
isolates.

Isolates IP11 and IP14 had high similarity with sequences of Enterobacter sp.
(Table 2), but when the phylogenetic tree was constructed, IP14 did not group with
GenBank database sequences, indicating that this isolate could represent some
species not yet identified (Fig. 4). Elo et al. (2000) analyzed 16S rDNA sequences from
bacteria isolated from the humus layer and found unknown Paenibacillus species.
Similarly, Beneduzi et al. (2013) found rhizobacteria isolated from sugarcane, and
some isolates had no similarity to any sequence in the available databases.

Enterobacter sp. is a bacterium that has been found and classified only at the
genus level by several researchers searching for PGPR (Sajjad Mirza et al., 2001).
Waghmare et al. (2018) demonstrated the potential of Enterobacter sp. as a cellulolytic
bacterium. Patel et al. (2019) found a phosphorus-solubilizing and 1AA-producing
strain, as well as in the present study, where Enterobacter sp. IP11 produced 53.32 ug
of IAA mL?! (Fig. 3). Enterobacter sp. has also been isolated from chromium-
contaminated soils suggesting that it is resistant to chromium and promoting the growth
of tomato plants under Cr stress conditions (Gupta et al., 2019).

E. asburiae is also known to be an opportunistic pathogen, but its strains have
been isolated from a wide variety of environments, including rhizosphere and
agricultural soil (Gyaneshwar et al., 1999), cotton (Quadt-Hallmann and Kloepper,
1996), Arabidopsis thaliana (Cooley et al., 2003), mustard (Ahemad and Kibret, 2014),
tobacco (Ahemad and Khan, 2010; Zhang and Kong, 2014), and sugarcane roots
(Kruasuwan and Thamchaipenet, 2016).
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E. asburiae 1P24 could be used as a growth promoter, standing out in FePOa4,
CaPO: solubilization (79.00 and 452.67 mg P mL%, respectively) and IAA production
(56.21 pg IAA mL?Y) (Fig. 3). In the search for growth-promoting sugarcane
endophytes, Kruasuwan and Thamchaipenet (2016) isolated an E. asburiae strain, but
this strain was negative for P solubilization, Ahemad and Khan (2010) when
characterizing E. asburiae, they also observed their growth-promoting characteristics;
the strain produced 32 ug of IAA mL™1, while the strain of this study produced 56.21 ug
of IAA mL1, almost twice the value obtained by the authors. Because nutritional
elements are absorbed from soil by roots, good root growth is considered a prerequisite
for increased plant growth, and IAA is one of the most important plant hormones
produced by bacteria, improving the protection level against adverse external effects
and increasing the coordination of various cell defense systems (Spaepen and
Vanderleyden, 2011).

A. spanius IP23 stood out for K solubilization (17.3 mg K1) and cellulolytic
activity (0.61 U mL1) (Fig. 3). Previously, A. spanius was found in medicinal plants,
being positive for cellulolytic activity, but with low IAA production (4.2 pg IAA mL™?)
(Egamberdieva et al., 2017); this result was similar to the present study, where the A.
spanius isolate produced the lowest IAA concentration (6.30 ug of IAA mL1). A.
spanius has also been found in soil (Castanheira et al., 2014) and characterized for
growth promotion in Phragmites australis (Soares et al., 2016) and ryegrass (Lolium
multiflorum) (Castanheira et al., 2014).

When constructing the phylogenetic tree, isolate IP21 had a low bootstrap value
(Fig.4), which may be explained by the genetic similarity of B. anthracis and B.
thuringiensis. These species are very close to each other, and some studies suggest
that B. anthracis is a narrow group of strains that show a high degree of genetic
similarity and that inclusions of bioinsecticide crystals are the only distinguishing
feature of B. thuringiensis (Jensen et al., 2003). Sometimes, phylogenetic analysis
based on the 16S rRNA gene sequence is not able to differentiate B. anthracis and B.
thuringiensis (Jamil, 2015; Tchuisseu Tchakounté et al., 2018).

Despite being known as an animal and human pathogen, B. anthracis strains
were previously found in the search for tomato rhizosphere growth promoters, where

they were positive for N fixation and IAA production (+ 6.45 ug IAA mL?) (Tian et al.,
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2017). The B. anthracis IP17 strain of the present study produced 45.34 ug IAA mL1
and stood out for Araxa apatite solubilization, 623.00 mg P mL™ (Fig. 3). Other authors
have managed to isolate B. anthracis from Phragmites australis (L.) rhizosphere
(Chaturvedi et al., 2006) and atrazine-contaminated soils (El-Bestawy et al., 2013), but
these authors did not observe whether these strains presented growth-promoting
properties. No reports of B. anthracis associated with sugarcane were found in the
literature regarding rhizospheric or endophytic bacteria. The isolate B. anthracis IP17
could be cited as the first report found in the sugarcane rhizosphere.

B. thuringiensis is well known for its specific bioactivity, due to its capacity to
produce crystals, which are formed by polypeptides known as Cry proteins. These
proteins have entomopathogenic properties for insects of the orders Lepidoptera,
Diptera, Coleoptera, Hymenoptera, and Homoptera, in addition to nematodes,
protozoa and mites (Jensen et al.,, 2003). In sugarcane, B. thuringiensis has been
intensively studied for the control of borer (Diatraea saccharalis) (Huang et al., 2008;
Wu et al., 2009), but there are few studies that directly relate this species as a growth
promoter in sugarcane and other crops.

B. thuringiensis strains that were positive for P solubilization and IAA production
were isolated from Kobresia capillifolia (de Freitas et al., 1997; Ying et al., 2016). The
B. thuringiensis IP21 strain was a great solubilizer of the phosphate sources tested
(481.00, 39.33, 77.66, 457.66 mg P mL! for CaPO4, FePQOs, AIPOsand Araxa apatite,
respectively), in addition to being the strain that fixed the largest amount of N, 108.07
ug N mL1. B. thuringiensis has also been isolated from Pinus Sylvestris (Babu et al.,
2013).

Materials and methods

Rhizospheric soil
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Sugarcane rhizospheric soil samples were collected in the municipality of
Jaboticabal - SP (21° 15 '17 "S and 48° 19' 20" W) and included the IAC95-5000 and
RB86-7515 varieties. Collection was also performed in the municipality of Pirajuba -
MG (19 ° 54 '32” S and 48 ° 42' 9 'W), the IAC91-1099 and CTC4 varieties, and in the
municipality of Frutal - MG (20° 01' 29 " S and 48° 56 '26 "W), the CTC9 and RB85-
5156 varieties. Soil samples were collected and transported to the Laboratory of
Agricultural Microbiology, UNESP, Campus of Jaboticabal. Field permits were not
required for this research. In Jaboticabal, the land we sampled belongs to our institution
(State University of S&o Paulo, UNESP).

Bacteria from rhizospheric soil samples were isolated by serial dilution (Wollum,
1982; Vieira and Nahas, 2005). After incubation, bacterial colonies were picked, placed

into SMA-containing test tubes and refrigerated for later use.

Screening of isolates

All strains were tested for biological nitrogen fixation capacity (BNF) in plates,
and strains with this characteristic were then tested for phosphate solubilization
(CaPOs, AIPO4, FePOs and Araxa apatite), potassium solubilization (Ekosil®),
indolacetic acid (IAA) production and cellulolytic activity.

Through PCA, bacterial strains that presented the best results for the
parameters mentioned above were selected. For the quantification of plant growth
promotion properties, all strains were grown for 24 h in nutrient broth at a concentration
of 1 x 108 colony forming units (CFU). Analyses were performed in triplicate, and media
without the presence of bacteria were used as controls.

Biological Nitrogen Fixation (BNF)
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Nitrogen fixation capacity was evaluated according to Dobereiner et al. (1996)
and Tedesco et al. (1995).

Phosphate solubilization

Phosphate solubilization based on bacterial culture was measured according to
Berraquero et al. (1976). Four phosphate sources were tested: CaPOa, Araxa apatite
(3Cas(P0Oa4)2CaF2), AIPO4, and FePOs in the amounts of 5 g, 5 g, 3.5 g, and 4.33 g,
respectively, per 1 L of medium (Silva Filho and Vidor, 2000).

Potassium Solubilization

Potassium solubilization was measured using Ekosil® fertilizer, which is an
alternative source of K produced from rock of volcanic origin called phonolite,
containing 8% soluble K20 (Yoorin, 2018).

IAA production

IAA production was measured according to Sarwar and Kremer (1995).

Cellulolytic activity

The cellulolytic activity was measured by Ramachandra et al. (1987) and Ghose
(1987).
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Data analysis

Data were initially submitted to the PCA multivariate statistical method to group
bacterial strains, which was performed after standardization of variables in which each
variable had a mean of 0 and a variance of 1. A biplot was constructed for the first two
principal components with isolates and growing promotion characteristics.
STATISTICA software version 7.0 was used for processing statistical analyses
(Statsoft, 2014).

Quantitative data were also subjected to analysis of variance (F-test),
comparing treatment means by the Tukey test at 5% probability using AgroEstat

software version 1.0 (Barbosa and Maldonado, 2010).

Molecular identification of bacterial strains

Strains that showed the best results consistent with previously described
properties were identified following the Quick-DNA Universal extraction kit protocol
(ZymoResearch - cat, No. D4068 and D4069) (Sambrook and Fritsch, 1989).

For identification, PCR products were purified using the Wizard® SV Gel and
PCR Clean-up System Kit and sequenced using universal primers. Sequences were
edited using the Biological Sequence Alignment Editor — BioEdit (Hall, 1999); the
consensus sequence was obtained using the BLAST® tool (Altschul et al., 1990) and
compared with the National Center for Biotechnology Information (NCBI - GenBank)
database. The resulting phylogenetic trees were constructed using MEGA7® software
(Tamura et al., 2011).

Conclusion
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The PCA was a great strategy and a useful tool to select rhizobacteria strains
from sugarcane, such as S. saprophyticus, E. asburiae, A. spanius e B. anthracis.
These bacteria showed similar behavior and expressed important characteristics
related to plant growth-promoting. However, more studies are needed to verify if these
selected strains will show positive aspects on sugarcane plants, including an increase

of yield.
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CAPITULO 3 - Sugarcane as a reservoir of maize growth-promoting

rhizobacteria?

Abstract - Plant growth-promoting rhizobacteria have several abilities to
promote plant growth. Some studies show that strains specific to a plant species may
have a close interface with a different plant species. In this sense, the present study
aimed to analyze the bacterial strains of the sugarcane rhizosphere in promoting maize
and sugarcane crops' growth. The experiments were carried out in pots, with maize
and sugarcane planting in randomized blocks with eight treatments and three
repetitions. Afterward, biometric and dry mass analyses were carried out on the plants,
counting the number of bacteria on the plants and soil and the concentration of
nutrients in the soil and plants. In sugarcane, Enterobacter sp. IP11, B. thuringiensis,
Enterobacter sp. IP14, A. spanius, and B. anthracis provided an increase in root dry
matter of 14, 18, 19, 21, and 23%, respectively, to the control. Enterobacter sp. IP11
and B. thuringiensis also increased the height to the control by 11 and 14%. In maize,
Enterobacter sp. IP14, B. thuringiensis, and B. anthracis increased the plant height by
10, 12, and 13%, respectively, to the control without inoculation. According to the
results, it can be observed that most of the bacterias added from sugarcane have a
preference for the same culture. However, the results also show that the sugarcane
reinforcing strains can also promote a maize crop's growth effect.

Keywords: abilities, growth promotion, specificity, Saccharum spp., Zea mays.

2 Este capitulo corresponde ao artigo cientifico submetido a revista Frontiers in
Sustainable Food Systems e encontra-se em avaliagcdo para publicagéo.
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Introduction

Plant growth-promoting rhizobacteria (PGPR) include bacteria that inhabit the
rhizosphere and facilitate plant growth through direct mechanisms, which include the
production of phytohormones and greater availability of nutrients or indirect
mechanisms such as suppression of pathogens by antibiosis, synthesis of Iytic
enzymes and induced systemic resistance (ISR) (Glick, 2014).

Compared to non-rhizospheric soil, rhizosphere is rich in nutrients due to the
exudation and root deposits, as a result, the number of bacteria around plant roots is
10 to 100 times higher than in non-rhizospheric soil (Spaepen et al., 2009).
Communication between plant roots and soil microbiota occurs through root exudates
(Kloepper and Schroth, 1981), which work as communicating molecules, providing
biological and physiological interactions in the rhizosphere, influencing the chemical
and physical properties of soil and soil microbiota, inhibiting the growth of pathogenic
species and facilitating beneficial symbiosis as in the case of PGPR selection (Nardi
et al., 2000).

Studies with rhizobacterial microbial communities associated with plants and
soil have shown that the specificity for each plant species can be attributed to
secondary metabolites released by root exudates (Ramakrishna et al., 2019). Thus,
one of the limiting factors in the use of PGPR is that when there is beneficial effect of
PGPR on a given plant species, this effect may not occur in other crops due to the
lower plant-microorganism interaction and consequently lower colonization and
microbial rhizosphere establishment (Xu et al., 2011; Zhang et al., 2013).

There is great need to search for new bacterial isolates that promote plant
growth, but for that, it is necessary to understand the mechanisms of action between
plant and microorganism, since the genetic variation of the plant cultivar can affect the
plant-microorganism interaction and plant development due to the interference in the
mode of bacterial action (Xu et al., 2011). Consequently, bacteria isolated from a plant
species may not promote plant growth when applied to other species (Reinhold et al.,
1985). When growth promotion occurs by the application of PGPR in crops, this can

result in better plant development and yield, contributing to sustainable agriculture by
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reducing the use of mineral fertilizers and phytosanitary products (Afzal et al., 2019;
Parra and Cuevas., 2002). But for this to occur, the first step is the strong interaction
between plant and microorganism with microbial colonization of the rhizosphere
(Zhang et al., 2013).

Despite the specificity relationships between bacterial species and plants from
which these bacteria were isolated, it is possible that bacterial species isolated from a
given plant species have growth-promoting effect on a different plant species, as
demonstrated by Mendes et al. (2019), who used bacteria isolated from maize in
sugarcane and Dias et al. (2019), who used the same isolates from maize in cotton.

In this sense, the present study aimed to analyze the bacterial strains of the

sugarcane rhizosphere in promoting the growth of maize and sugarcane crops.

Materials and methods

The research was carried out at the Sado Paulo State University FCAV/UNESP
in the municipality of Jaboticabal, SP (21°14'05"S, 48°17' 09" W and 615.01 m a.s.l.).
Two experiments were carried out: one with sugarcane plants lasting 75 days and

another with maize plants lasting 60 days.

Experimental design

The experimental design was the same for sugarcane and maize (Table 1). A
randomized block design was used, with three replicates and eight treatments. Twenty-
four pots were used, each pot being considered an experimental plot, totaling 48 pots

for both cultures.
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Planting

For planting sugarcane, the RB966928 variety was used. Initially, in
greenhouse, minicuttings were planted (Fig. 1A) in sprouting boxes. After 15 days,
already formed seedlings (Fig. 1B) were transplanted into pots and kept outdoors (Fig.
1 C) for 60 days.

Table 1. Treatments used in experiments with sugarcane and maize and accession
number of rhizobacteria's sequences deposited at NCBI.

Treatments Inoculants Accession number

T1 Staphylococcus saprophyticus 1J8 MT764797.1
T2 Enterobacter sp. IP11 MT764798.1
T3 Enterobacter sp. IP14 MT764799.1
T4 Bacillus anthracis IP17 MT764800.1
T5 Bacillus thuringiensis P21 MT764801.1
T6 Achromobacter spanius P23 MT764802.1
T7 Enterobacter asburiae 1P24 MT764803.1
T8 Controle (Sem inoculagéo) -

Minicuttings were planted in eight sprouting boxes, one intended for treatment.
Sprouting boxes were filled with 1:1 sand and vermiculite. The germination of
minicuttings was carried out in order to ensure that sugarcane seedlings had the same
vegetative stage of development at the time of planting in pots.

For the planting of maize (Zea mays L., hybrid 2B587PW Dow Agro sciences),
four seeds were sown and after germination, thinning was performed, leaving only one
plant per pot.

Sugarcane seedlings (Fig. 1C) and maize seeds (Fig. 1D) were added to pots
with volumetric capacity of 5 liters and filled with 2 cm of crushed stone for water
drainage and sieved soil classified as Eutrophic Red Latosol. The average maximum
and minimum temperatures during the period were 27.3 and 13.5 °C, respectively.
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The maize irrigation was performed manually, with a water volume of 700 mm
during the period of conduction of the experiment. And for sugarcane, the water volume

was 620 and 196 mm, supplied via irrigation and precipitation, respectively.

Figure 1. a) minicuttings; b) sprouting boxes with 15-day-old sugarcane; c) sugarcane
plants placed outdoors; d) maize plants in greenhouse.

Fertilizations

In sprouting boxes, no fertilization was carried out, as minicutting contains
enough energy reserve for the germination of buds.

N, P, K, Mg, Bo and Zn were used as sources of urea, simple superphosphate,
potassium chloride, manganese sulfate, boric acid and zinc sulphate, respectively.
Fertilization was carried out individually for each pot, and homogenization was
performed with the aid of plastic bag. Chemical analysis and doses used for both

cultures are described in Table 2.
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Bacterial inoculation

Bacterial strains used in the present study were isolated from sugarcane
rhizosphere, identified by automatic sequencing of the 16S ribosomal gene (Santos;
Rigobelo, 2020) and stored lyophilized in Brain Heart Infusion medium in freezer at -
20 °C. Strains belong to the collection of microorganisms from the Laboratory of Soll
Microbiology (LSM) of FCAV/UNESP, Jaboticabal and their sequences are available
in the NCBI database (Table 1).

Table 2. Chemical analysis of soil before planting used for filling pots and doses of
mineral fertilizers used for sugarcane and maize in pots. Doses were
calculated based on the analysis of soil and culture.

Soil chemical analysis
O.M. =10 g/ dm?; P resin = 14 mg/ dm3; K = 0.7 mmolc/ dm3; Ca = 79 mmolc/ dm-3; Mg =
13 mmolc/dms3; SB = 93.4 mmolc/dms3; pH in CaClz = 6.9; cation exchange capacity (CEC)
of 104.2 mmolc/dm-3; V of 90%?

Culture Sugarcane Maize
Fertilizer Recommended Applied per Recommended Applied per
(Kg ha') pot (g) (Kg hat) pot (g)
Urea 30 0.37 30 0.37
Simple Superphosphate 140 4.16 100 3.08
Potassium chloride 200 1.89 50 0.47
Zinc sulphate 5 0.15 4 0.47
Boric acid 2 0.065 - -
Manganese sulphate 3 0.057 - -

Inoculants were obtained after resuspension of each lyophilized bacterial strain
for 24h incubation in BOD oven at 28 °C using nutrient broth until final concentration
of 1 x 10° colony-forming units (CFU) mL™.

The first inoculation in sugarcane was carried out after planting seedlings in pots
and in maize seven days after planting. Subsequently, both crops received inoculation
via soil with the aid of graduated pipette, with the addition of 15 mL of inoculum per
pot, every 15 days totaling four inoculations. In the control treatment, no inoculum was
added.
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Assessments

Biometric analysis and bacterial count

In sugarcane, the height of the main tiller was measured, performed from the
base of the plant up to leaf +1 (Kuijper's numbering system). In maize plants, height
was verified by measuring from the base of the plant to the apex of the flag leaf.

For the counting of endophytic bacteria, plants were separated into shoots and
roots, which were washed with the aid of water jet to remove soil. Subsequently, 1 g
of each vegetable tissue collected (shoots and roots) was weighed and submitted to a
superficial disinfection procedure in order to eliminate epiphytic microorganisms. In this
process, both parts were sequentially immersed in 70% ethanol for 1 minute, 3%
sodium hypochlorite solution for 3 minutes and 70% ethanol for 30 seconds.
Subsequently, three rinses were performed in sterile distilled water. Finally, shoots and
roots were aseptically macerated with the aid of mortar and pistil, which were placed
in Erlenmeyer flask containing 9 mL of 0.1% NacCl.

For the counting of bacteria present in soil, 10 g of rhizospheric soil were added
in Erlenmeyer containing 95 mL of 0.1% sodium pyrophosphate saline solution. All
Erlenmeyer flasks were stirred for 1 hour and then serial dilutions were performed,
inoculating 100 pL of triplicate diluted into Petri dish containing agar nutrient medium.
Plates were kept in BOD oven at 30 °C, counting the amount of CFU after 24, 48 and
72 hours (Vieira; Nahas 2005).

Vegetable dry matter and soil and plant nutrients

Dry root matter (RDM), shoot dry matter (SDM), and total dry matter (TDM), was
measured separating plants into shoots and roots, which were washed with the aid of

water jet to remove soil. Both parts were added in paper bags and taken to oven at
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65°C until they reached constant mass. After drying, mass was measured on semi-
analytical scale. To obtain TDM, RDM and SDM were added.

The phosphorus content in resin in soil was determined using
spectrophotometry (Malavolta, 1989), total nitrogen according to Tedesco et al. (1995)
with sulfuric digestion (H2SO4), followed by distillation and titration.

Shoot and root samples used for dry matter determination were ground and then
used to determine phosphorus and nitrogen levels. Phosphorus contents were
determined by nitric-perchloric digestion followed by spectrophotometric analysis
(Marino et al., 1995), and nitrogen contents by sulfuric digestion followed by titration
(Malavolta et al., 1989).

Data analysis

Data were submitted to analysis of variance (F Test) comparing the averages
of treatments by the Duncan test at 5% probability, using the Agroestat version 1.0

software (Barbosa; Maldonato, 2010).

Results

Sugarcane

B. thuringiensis IP21 and Enterobacter sp. IP11 isolates promoted the greatest
height of sugarcane plants, providing increase of 14.1 and 10.4%, respectively, in
relation to control (Fig. 2A).

For SDM, RDM and TDM, Enterobacter sp. IP14, B. anthracis IP17, A. spanius

IP23 were superior compared to control. Furthermore, B. thuringiensis IP21 was
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superior for RDM and TDM, and Enterobacter sp. IP11 isolate also increased TDM
(Fig. 2C, 2E and 2G).
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Figure 2. Biometric data for: (A) in sugarcane (B) and maize height (C) in sugarcane
(D) and maize SDM (E) in sugarcane (F) and maize RDM (G) in sugarcane
(H) and maize TDM. Averages followed by equal letters do not differ by the

Duncan's test at 5% probability.

*SS: S. saprophyticus 138; Ent 1: Enterobacter sp. IP11; Ent 2: Enterobacter sp. IP14; BA:
B. anthracis IP17; BT: B. thuringiensis IP21; AS: A. spanius IP23; EA: E. asburiae IP24;
Control: No inoculation.
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As for the amount of CFU in shoots, control treatment was statistically lower

than treatments with S. saprophyticus 1J8, Enterobacter sp. IP11, Enterobacter sp.
IP14, B. anthracis IP17 and A. spanius IP23 (Fig. 3A). In roots, the amount of CFU
was higher in treatment with Enterobacter sp. IP14 and E. asburiae 1P24, differing from

control (Fig. 3C). For the amount of CFU in soil, B. anthracis IP17 showed higher

amount, being statistically greater than control (Fig. 3E).
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Figure 3. Number of CFU: (A) in sugarcane (B) and maize shoots (C) in sugarcane

(D) and maize roots (E) in soil with sugarcane (F) and maize. Means followed
by equal letters do not differ by the Duncan test at 5% probability.

*SS: S. saprophyticus 138; Ent 1: Enterobacter sp. IP11; Ent 2: Enterobacter sp. IP14; BA:
B. anthracis IP17; BT: B. thuringiensis IP21; AS: A. spanius IP23; EA: E. asburiae IP24;
Control: No inoculation. **Data transformed into log 10.
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The amount of N and P extracted by sugarcane shoots was higher in treatments

that received Enterobacter sp. IP14, B. anthracis IP17, A. spanius IP23 and E. asburiae

IP24 inoculations, thus being statistically greater than control without inoculation (Fig
4A and 5A).
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Figure 4. N concentration: (A) extracted by sugarcane (B) and maize shoots; (C)

extracted by sugarcane (D) and maize roots (E) in soil with sugarcane (F)
and maize. Means followed by equal letters do not differ by the Duncan's
test at 5% probability.

*SS: S. saprophyticus 1J8; En 1: Enterobacter sp. IP11; En 2: Enterobacter sp. IP14; BA:
B. anthracis IP17; BT: B. thuringiensis IP21; AS: A. spanius IP23; EA: E. asburiae 1P24;
Controle: Sem inoculagéo.

Enterobacter sp. IP14, B. anthracis IP17 and B. thuringiensis IP 21 favor the

extraction of N and P in roots, and A. spanius IP23 is also responsible for greater
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extraction of P in the root system (4C and 5C). As for the N concentration in soil, the
result was equivalent to P extraction by roots, in such a way that the same strains stood
out (4E). Regarding P in soil, only E. asburiae IP24 increased P concentration, differing
from control (5E).
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Figure 5. P concentration: (A) extracted by sugarcane (B) and maize shoots (C)
extracted by sugarcane (D) and maize roots (E) in soil with sugarcane (F)
and maize. Means followed by equal letters do not differ by the Duncan's
test at 5% probability.

*SS: S. saprophyticus 1J8; En 1: Enterobacter sp. IP11; En 2: Enterobacter sp. IP14; BA:
B. anthracis IP17; BT: B. thuringiensis IP21; AS: A. spanius IP23; EA: E. asburiae 1P24;
Controle: Sem inoculacéo.
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Maize

Plant height was influenced by B. anthracis IP17, B. thuringiensis IP21 and
Enterobacter sp. IP14 inoculations with increments of 12.6%, 10.9% and 9.2% in
relation to control, respectively in plant height (Fig. 2B).

For SDM, no significant differences were observed in relation to rhizobacteria
inoculations and control treatment. However, Enterobacter sp. IP14 inoculation was
superior to S. saprophyticus 1J8, Enterobacter sp. IP11, B. thuringiensis IP21, A.
spanius IP23, E. asburiae IP24 inoculations (Fig. 2D).

Enterobacter sp. IP14 and B. anthracis IP17 provided increase of 27.5% and
24.5%, respectively, for RDM, in relation to control treatment. For TDM, Enterobacter
sp. IP14 stood out, increasing 22.6%, being superior to control, without inoculation
(Fig. 2F e 2H).

For CFU in shoots, the highest concentration was found in plants inoculated
with Enterobacter sp. IP11, followed by S. saprophyticus 1J8 and Enterobacter sp.
IP14, being superior to control (Fig. 3B).

Enterobacter sp. IP14 and B. thuringiensis IP 21 were statistically inferior to all
other treatments used, regarding the amount of CFU in maize roots (Fig. 3D), while for
CFU in soll, E. asburiae IP24 and Enterobacter sp. IP14 were found in greater amounts
(Fig. 3F).

In shoots, there was no statistical difference for extracted N concentration (Fig.
4B). In roots, treatment inoculated with B. anthracis IP17 increased the extracted N
concentration by 27.4% compared to control (Fig. 4D). In relation to N in soil, S.
saprophyticus 1J8 increased the N concentration by 53.8% in relation to control (Fig.
4F).

Enterobacter sp. IP14 increased the P concentration extracted by maize shoots
by 32.2%, in relation to control (Fig. 5B). For P extracted by roots, the increase was
45.5% in plants inoculated with B. anthracis IP17 and Enterobacter sp. IP14 and 35.5%
for B. thuringiensis IP21, compared to control (Fig. 5D). Regarding P in soil, there was

no significant difference between treatments and control (Fig. 5F).
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Discussion

Bacteria used in the present study were isolated from sugarcane culture and
showed different behavior between cultures and variables observed. In maize,
treatment that received Enterobacter sp. IP14 showed the highest total number of
bacteria in shoots and in soil compared to control, not differing from roots (Fig. 3B and
3D), showing the site preference for colonization of this bacterium. Consequently,
maybe due to the colonization of these environments (shoots and soil), Enterobacter
sp. IP14 promoted increases in plant development such as height, RDM and TDM. On
the other hand, in maize, B. anthracis IP17 also promoted increase in height and RDM
(Fig. 2B and Fig. 2F) and, surprisingly, did not increase colonization of shoots (Fig.
3B), and also did not increase colonization in soil compared to control.

At first analysis, these results might seem contradictory, but strongly suggest
that the colonization of soil, roots and shoots by plant growth-promoting bacteria is
related to the presence of these bacteria in these environments and not necessarily to
a greater number of total bacteria in relation to control. Each treatment received four
inoculations and at the end of the experiment, the total number of bacteria in soil, roots
and shoots were measured and higher number of bacteria was expected in treatments
that received inoculations compared to control. Similarly, to B. anthracis, the total
number of bacteria in different environments did not increase in relation to control;
however, bacteria promoted plant growth. The first step in promoting plant growth is
the rhizosphere colonization and then several factors related to the plant-bacterium
interaction and the colonization of plant tissues such as roots and leaves (Bulgarelli et
al., 2013).

Bentes et al. (2019) evaluated B. subtilis in maize and found that the only isolate
that promoted an increase in yield was also the only one that did not differ in total
number of bacteria (CFU) compared to control. This result strongly suggests that the
bacterial establishment of rhizosphere, roots and leaves does not require a large
number of bacteria, but rather a small presence added to high efficiency and close

isolate-plant interaction.



83

For sugarcane, there were more treatments that showed that the bacterial
strains used can be considered growth promoters, namely, Enterobacter sp. IP11,
Enterobacter sp. IP14, B. anthracis IP17, B. thuringiensis IP21 and A. spanius IP23.
All these strains were able to successfully colonize shoots, roots or soil, except for B.
thuringiensis IP21. It is interesting to highlight that the strains used were rhizobacteria
isolated from sugarcane, demonstrating a certain specificity of these bacteria to the
culture from which they were isolated.

Plants can affect microbial populations in the soil, where each plant species
selects specific microbial populations and root exudates are a driving force in this
process (Bais et al., 2006; Haichar et al., 2008). The composition of root exudates
varies from plant to plant and affects the relative abundance of microorganisms around
roots (Somers et al., 2004).

Studies have demonstrated that the specificity of root colonization occurs
through the adsorption (or anchoring) of bacteria on root surface. In addition,
competition ability varies according to exudates synthesized by plants, in which
bacterial colonization occurs in the depression between epidermal cells (Pinheiro et
al., 2002). Once in roots, bacteria cause changes in root hair density and length,
resulting in an increase in the surface of the root system and allowing better
exploitation of soil nutrients and water (Dobbelaere et al., 2003). Such effects are
associated with the ability to release substances that promote growth such as
indolacetic acid (IAA), gibberellins and cytokinins (Berg; Smalla, 2009).

Competitive rhizosphere colonization and establishment in the root zone are
important for the success of rhizosphere organisms (Weller, 1988; Lugtenberg et al.,
2002; reviewed in Compant et al., 2005). Colonization steps include recognition,
adhesion, invasion (endophytes and pathogens only), colonization and growth
including various strategies for establishing interaction. Plant roots initiate cross-
conversations with soil microorganisms, producing signals recognized by
microorganisms, which in turn, produce signals that initiate colonization (Bais et al.,
2006).

Plant genotype influences the composition and size of microbial communities
associated with plants through specific metabolic processes (Garbeva et al., 2008;

Philippot et al., 2013; Bouffaud et al., 2011). However, the combined activities of
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microbial communities in the rhizosphere are more important for plant development
than the role of specific groups in the rhizosphere. In a way, when a bacterial isolate
promotes plant growth, it is not actually its effect alone, but the result of the interaction
of this bacterial isolate with the microbial communities of the rhizosphere.

The host specificity seems to be controlled both by the specific bacterial
adaptation of the strain and by the non-specific characteristics of the host plant. Thus,
the ability to colonize and stimulate the growth of a restricted group of plants, by
bacteria, may involve mechanisms involved in host recognition and root colonization,
in addition to strict control of beneficial bacterial properties by plant compounds
(Bergand Smalla, 2009).

Discrepancies in chemotaxis have been reported for Azotobacter spp., which
when submitted to the stress test, two strains were preferentially attracted by wheat
exudates and seven others by cotton exudates, and the observed differences were
attributed to specific plant variations in the energy yield of exudated organic acids
(Kumar et al., 2007).

In a review study, it was shown that the genus Azospirillum was able to promote
the growth of 113 plant species in 35 botanical families, including 14 cereal species,
concluding that the genus Azospirillum is not specific for cereals and that it could be
used as growth promoter for all plant species tested so far. Given the scarcity of
widespread screening, the affinity of strains to a genotype, cultivar or plant species
cannot be nullified (Pereg et al., 2016).

Previous studies have determined the specific chemotactic responses of
bacterial strains to specific organic acids, amino acids and aromatic compounds, which
are excreted by different plant species. Azospirillum brasilense SpT60 (isolate from
wheat roots) was strongly attracted by D-fructose, L-aspartate, oxalate and citrate,
whereas A. brasilense JM6A2 (isolate from maize roots) did not respond or responded
weakly to these compounds. Instead, it was attracted by L-malate (Finkemeier and
Sweetlove, 2009; Reinhold et al., 1985). Therefore, a plant that excreted D-fructose,
L-aspartate, oxalate and citrate, would be able to attract A. brasilense SpT60 to its
rhizosphere, facilitating its colonization, and would not attract A. brasilense JM6A2.

Bacterial and host genotypes have been described as influencing root

colonization, which process is probably mediated by genetic determinants of both.
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These differences in root colonization can occur due by the presence of genes involved
in this process or by a change in the expression of genes present in all bacterial strains
/ plant genotypes. In both mechanisms, the formation of a physical interaction between
bacteria and plant suggests specificity between components of the bacterial surface
and the plant's receptors on the root surface (Drogue et al., 2012).

Species B. anthracis, B. thuringiensis, A. spanius and E. asburiae used in the
present study did not promote the growth of maize plants, differently from sugarcane,
suggesting that the lack of plant growth by these bacterial isolates was due to the lack
of interaction with the host and not to inability of isolates to promote plant growth (Frank
et al., 2017).

In the present study, two different Enterobacter sp. strains were used, one of
which, Enterobacter sp. IP14, promoted growth in both maize and sugarcane, and the
other, Enterobacter sp. IP11, promoted growth only in sugarcane. In the case of maize,
growth promotion is reflected in the increase of fresh and dry plant biomass, which is
associated with efficient nitrogen fixation, phosphorus solubilization, production of IAA
and siderophores by bacteria (Youseif, 2018).

In review Milani et al. (2019) used several B. subtilis strains in maize culture and
despite being the same bacterial species, it was observed that some strains promoted
plant growth while others did not, demonstrating that there may be differences
regarding growth promotion within the same species and that this growth-promoting
effect is isolate dependent.

The smaller number of isolates efficient in the growth of maize plants
demonstrates that plant genotype is of great importance in promoting growth (Haichar
et al., 2008; Berg and Smalla, 2009), and that, the strength of the rhizosphere effect
may differ between plant species and that the plant species from which the bacteria
were isolated may promote a closer relationship with isolates compared to other
species (Bulgarelli et al., 2013).

According to results, it could be concluded that most bacteria isolated from
sugarcane had preference for the same culture, even though being a different
genotype. However, it is possible and was observed in this study that a small number
of bacteria isolated from sugarcane promote maize growth and development,

suggesting that sugarcane is a reservoir of isolates.
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Capitulo 4 - Consideracdes finais

O presente estudo abordou a importancia do isolamento de novas cepas
bacterianas e sua caracterizacdo, para que essas cepas possam ser utilizadas como
futuros bionoculantes. Durante a execucédo do trabalho foram isoladas cepas que
ainda ndo tinham sido relatadas presentes na rizosfera da cana-de-acucar,
demonstrando o qudo importante é o isolamento e caracterizacao de cepas.

Ainda sdo necessarios estudos para averiguar se as cepas utilizadas na cana-
de-acucar e no milho em vaso, promoverdo aumento de produtividade dessas
culturas. Logo, faz-se necessario trabalhos em campo, contemplando todo o ciclo das
duas culturas. No milho, as avaliacdes de produtividade devem incluir o nimero de
espigas por planta, o tamanho da espiga em comprimento, o nimero de graos por
espiga e a massa de 1000 grdos. Na cana-de-acglcar, analises como, numero de
perfilhos industrializaveis, produtividade, comprimento do colmo, nimero de entrends,
brix, tonelada de colmo por hectare (TCH) devem realizadas. Dessa maneira pode ser

concluido e comparado resultados obtivos com a execuc¢do do presente trabalho.



